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Uber die Wasserbewegung 


IN 


Boden 
VON 


Professor Dr. Diro Kitao. 


Es haben sich schon viele tiichtige Forscher, wie Meister,* Lie- 
benbergt u. A. mit der Wasserbewegung in den Boden beschaftigt 
und zwar haupttachlich mit der Aufsaugung des Wassers. Selbst 
Liebenberg, der wohl die ausgedehnteste Untersuchung in 
dieser WHinsicht durchgefiihrt hat, hat es nicht vermocht, 
Gesetzmassigkeit in der Bewegung der Wassers in Boden zu 
entdecken, ausser einigen Thatsachen, welche praktisch von 
hohem Werth sind. Ein Versuch auf dem Wege der Theorie in 
der Sache Wandel zu verschaffen, ist, so viel ich weiss, noch 
nicht unternommen worden. 

Es soll im Folgenden eine Theorie der Fliissigkeitsbewegung 
in einem Medium entwickelt werden, welches, wie ein Boden, 
aus kleinen discreten durch Wasser benetzbaren Theilchen bes- 
teht, und die Losung des Problems in einem speciellen Fall in 
ihrer Anwendung auf den Boden naher gepriift werden. 

Die Massentheilchen, welche ein Medium, wie Boden, 
zusammensetzen, setze ich, und damit die capillaren Raume 
zwischen den Theilchen nicht als gleichmassig gross voraus; sie 
sollen der Grésse nach zwischen gewissen Grenzen schwanken, 
und noch so gross sein, dass der hydrostatische Druck sich fort- 


* Meister: Jahresbericht fir Agriculturchemie 1859-60. 
+ Liebenberg: “Uber das Verhalten des Wassers in Boden. 1873. 
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pflanzen konne, aber so klein, dass die Summe aller einzelnen 
Querschnitte der capillaren Raume, welche auf je eine Flachen- 
heit einer durch das Medium gelegten Ebene fallen, als constant 
betrachtet werden darf, Wir denken uns durch das Medium zwei 
unendlich nahe parallele Ebenen gelegt, und betrachten Stiicke 
der capillaren Raume zwischen den beiden Ebenen als cylin- 
drisch, und sehen zu, was geschieht, wenn einer dieser cylindri- 
schen Raume mit Wasser in Beriihrung kommt, indem wir die 
Wandung derselben als porés und benetzbar denken. Es 
sel go die Axe dieses unendlich kleinen cylindrischen Raums, 
und sein: Lange werde der Einfacheit wegen = 1 gesetzt, 
und es soll mit dem Ende o=o mit Wasser in Beriihrung 
kommen. Ehe das Wasser durch den cylindrischen Raum 
fliesst, wird sich eine gewisse Wassermenge in der pordsen 
Wandung lagern, und sobald eine Stelle gesattigt wird, 
wird eine gewisse Wassermenge dariiber hinweg nach der 
nachst liegenden weniger gesattigten Stelle entlang der Wand 
fliessen. Der Druck, der diese Wasserbewegung verursacht, 
rihrt von der Feuchtigkeitsdifferenz in dem cylindrischen 
Raum her, und verschwindet und wachst offenbar mit derselben. 
Es sei ¢ die Wassermenge, welche in der Wand von der 
Lange Eins festgehalten wird, m die Wassermenge, welche 
im Querschnitt o=o durch eine Flacheneinheit in der 
Zeiteinheit fliesst, und m’ diejenige, welche in Querschnitt 
o=1 durch eine Elacheneinheit in der Zeiteinheit fliesst, so 
wird die Feuchtigkeit in Querschnitt e=0, = m-+ée sein, und 
in Ouerschnitt o=l, =m’+¢s. Der Druck, der diese Eeuchtig- 
keitsdifferenz hervorgerufen hat, kann nur eine Funktion 
derselben sein, und darf wohl direct proportional “dem 
Feuchtigkeitsgefalle selbst gesetzt werden, so dass der 
Druck, der diese Wasserbewegung entlang der Wand des 
capillaren Raumes hervorrft, durch 
LE (m—m’) 
dargestellt ist, wo yw’ ein Coefficient ist. Der Werth dises 
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Coefficienden ist aber von der Richtung des cylindrischen 
Capillarraumes gegen die Richtung der Schwerkraft abhdangig, 
da die entlang der Wand fliessende Wassermenge doch der 
Schwere unterworfen ist. Denken wir uns den cylinderischen 
Capillarraum vertical aufgerichtet, so dass das Wasser aufge- 
sogen wird. Der Adhaesionsdruck, der das Wasser zum 
Steigen bringt, wird offenbar kleiner sein miissen, als wenn 
keine Schwere gewirkt hatte, was der Fall ist, wenn der 
Capillarraum horizontal liegt. Es muss daher ein grdsseres 
Feuchtigkeitsgefalle dazu nothig, sein um denselben Druck 
vertical aufwarts zu erzeugen, als bei dem horizontal liegenden 
Capillarraum.; mithin muss yp’ bei der Richtung verticalauf- 
warts kleiner sein, als béi der Richtung horizontal. Wenn 
dagegen der cylindrische Capillarraum vertical abwéarts- 
gerichtet ist, also dass das Wasser herabfliesst, so wirkt die 
Schwere in demselben Sinne, wie die Adhaesionskraft und 
um denselben Druck zu erzeugen, gehért offenbar ein klei- 
neres Feuchtigkeitsgefalle, als in dem horizontal liegenden 
Capillarraum; mithin muss yw’ in der Reichtung verticaltab- 
warts grésser sein, als in der horizontalen Richtung. 

Man kann sich sonach den Adhaesionsdruck in einen 
gegen die Richtung der Schwere (g) um den Winkel (ga) 
geneigten Capillarraum, in der Form 


(wee cos (ga) on! 


dargestellt denken, oder, indem man sich m als eine Function 
von o denkt, 


(i+w cos (go) ) 


Zu diesem Adhaesionsdruck kommt noch die Wirkung der 
Schwerkraft auf Wassertheilchen hinzu, welche nicht an den 
Wanden der cylinderischen Capillarriume adhaeriren und auch 
nicht unter dem Einfluss der Adhaesionskraft fliesst, sondern 
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unter dem Einfluss der Schwerkraft° vertical abwarts durch 


die Capillarraéume sickert ; d. bh. der hydrostatische Driick 
—0V cos (eg) 


wo V das Potential der Schwerkraft, und @ die Dichte des 


Wassers bedeutet. Nennt man den resultirenden Druck auf 


ein fliessendes Wassertheilchen Dp, SO Ist. 


= = (i+, vw!’ cos (go)) ae —0V cos (ag) (I) 


Es seien u,v, w, die Componenten der Geschwindigkeit des 
Wassers, lb die Cohaesionsconstente der Wassers, 7 die Adhae- 
sionsconstante desselben. Wenn wir uns die Geschwindigkeit 
der Wassers unendlich klein, und das Wasser als incompressibel 
denken, so haben wir 


tm. rtp W(t vw. 2% 
FE Ow eo i 0G ae 
97y 
wae 


| tus ft Up W/o cdle ae 
9¢  O Fy ee Toy 5 (II) 
Iw ap hft*w %?w. 9%w\ - 
hen One & tye -)=0 
Iw Fw, Pm. 
Vz ore Sa 


Die Bedingungen, die an der festen unbewegten Grenze zu 
erfiillen sind, sind. 


Du Du tw Dae 
5 608 (1x) +( 524+ +5 rye cos (7y) +(52 Fags 7) cos(na)—= 


vw 


by tay $2) cos(nz)—F0 (IIT) 


$ Sy dv 
(+ =) cos(nx) ta cos (ny) +(42 


nore 


Sm de dy |. bu ot 
(434) cos(ax) + (42+ oy ) cos ny) pe: 


wo die nach Innen gezogene Normale an der festen Grenz- 


flache bedeutet. 
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Indem wir diese Gleichungen fiir reibende Eltissigkeit auf die 
Wasserbewegung in dem. unendlich kleinen cylindrischen 
Capillarraum anwenden, denken wir uns die ‘positive z Achse 
in die Axenrichtung dieses unendlich kurzen Cylinders gelegt, und 
nehmen an, dass die Componenten der Geschwindigkeit sen - 
krecht zur Cylinderaxe verschwindend klein seien, so dass 

“u=0=0. 
gesetzt werden konne. MHierdureh erhalt man aus (II) 


$ 9 Iw Sw 
3-955 5 ie oO 3 
(IV) 
Iw rp h Gs 7 )=° 
PES! OVa 0d IG a 


Die Grenzbedingungen (III) reduciren sich unter. diesen 
Umstanden auf die eine 


rote bam: 
Sat pee . (V) 


Multiplicirt man die zweite Gleichung in (IV) mit do dem Quer- 
schnittelement des Capillarraums, und integrirt tiber den gan- 
zen Querschnitt (2%), so erhalt man,:da p vermége der ersten 
Gleichung in (LV) eine Function von o und ¢ allein ist 


eee ‘ ) , 
wy 9a 29 
oe? Lf( a 2) He ae (VI) 


dy? 


das Integral [ede bedeutet nichts anderes, als die Wasser- 


menge, welche in der Zeiteinheit durch den Querschnitt 2 


fliesst. es ist daher 
if Why =m. 


Diese Grosse ist augenscheinlich unabhangig von o vermoge 
Iw F ‘ 
der Bédingung 5 =O Denken wir uns indessen den unend- 


lich kleinen. cylindrischen Raum, fiir den mm gilt, und in dem m 
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von @ unabhangig ist, im Abstand Jo durch einen anderes ges- 
talteten gleichfalls unendlich kleinen cylindrischen Raum fort- 
gesetzt, in dem m einen anderen Werth m’ hat, so konnen wir 
dem Ausdruck 


einen endlichen angebbaren Werlh beilegen, wenn gleich in den 


beiden eylindrischen Raumen +8 Xo erfiillt ist, indem wir 
oa 


uns m—m’ als unendlich kleine Grosse von derselben Ordnung 
vorstellen, wie Ja. 

Nennt man ein Umfangselement des Querschnittes du, und die 
Normale an der Umfangscurve 2, so kann man das zweite 
Integral in (VI) auch so schreiben 


h 97m | 97m ee ee 
D jie + yr) omy 5, a 


oder mit Riicksicht auf die Grenzbedingung (V) 


h Vw 97m ee es , 
Sf (se+5) da= 5 [ waw. 


Es ist dieses einer Wassermenge proportional, die theils an 
der Wand des Capillarraums haften bleibt, theils in Folge der 
Reibung zuriickbleibt. Indem wir die Reibung eines Wasser- 
theilchens an der Wand der Capillarraums proportional seiner 
Geschwindigkeit annehmen, und die Wassermenge, welche in 
der Zeit Eins durch den Capillerraum fliesst, und in der Flache 
Eins, und in der Zeit Eins in der Wand zum Haften kommt 
¢ nennen, so konnen wir wohl setzen 


5 fwduae+r f wdome+iem, 
a 


Von dieser Grosse ¢ wollen wir annehmen, dass sie in jedem 
Capillarraum constant sei, womit angenommen ist, das es 
eine verschwindend kleine Zeit dazu nothig sei, um die Poren 
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jedes Bodentheilchens mit Wasser zu sattigen. Da die Poren 
in einem Bodentheilchen offenbar mit seiner Zertheilung abneh- 
men, so werden wir uns € als eine Grosse denken, welche mit 
der Verringerung des Querschnittes des in Rede stehenden 
cylindrischen Raumes abnimmt. 
Die Gleichuug (VI) nimmt dann die Form an 
Im 
UE 
Nun denken wir uns eine Ebene von Fldchenetnhett durch das 
Medium gelegt, welche eine unendlich grosse Anzahl der cylin- 
drischen Capillarraéume durchsetzt. Es sei C die Wassermenge, 
die durch diese Flacheneinheit in der Zeiteinheit fliesst, so 


konnen wir setzen 


tetiemy= oe bo. 
0 3a 


2 
Bi 
wo die Summation tiber alle Querschnitte der Capillarraume 
auszudehnen ist, welche in diese Flacheneinheit fallen. Wir 
erhalten dann fiir einen Capillarraum, dessen Querschintt @ ist 


(OF 


m= 


DONC ocr TAO hax p 
BOA? Db eae 


Wenn wir uns Gleichungen, wie diese fiir jeden Capillarraum, 
der von der Ebene von der Flache Eins geschnitten wird, auf- 
gestellt denken, und zusammenaddiren, so kommt 


+E+OC=—1y ho, (VID) 


wo Sc=F, 
gesetzt ist. 
Bisher war die Axenlege der Coordinaten ganz wiillkiirlich geb- 
lieben. Wenn wir uns nun bei iibrigens willkiirlichem Anfang 
die positive Z-Axe vertical abwarts gerichtet denken, so hat 
man 

Cos (ga — 4 V=6gz 


da 
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und 


dC i 
os —(v+e Te me 


ist, oder 


2 Gen/ Cadi wip ae Oman 
=— = 6oZ, 
y PS aC a = \( tx do! dy dle! We a) : 


XN 


dx dy dz 
do’ do’ da 
Constant betrachtet werden, und sind nur durch die Lage des 
betreffenden Capillarraums gegen die Richtung der Schwerkraft 
bestimmt. Da die Capillarraume alle nur mégliche Lagen haben 


Die Cosinusse — kénnen fiir jeden Capillarraum als 


konnen, so haben = und 2 alle nur mégliche Werthe zwischen 
og 


& P 5 CBB 
—r1und +1. Etwas anderes verhalt sich aber mit do’ Wenn 
Co 


der betreffende  Capillarraum sich tiber der Stelle des 
Mediums befindet, wo die Wasserzufuhr stattfindet, wenn also 


. dz ea 
das Wasser aufgesogen wird, so kann a alle nur modgliche 
ag 


Werthe zwischen 0 und —1 haben. Befindet sich hingegen der 
Capillarraum unter der Stelle der Wasserzufuhr, sickert also 


dz ae ; 
das Wasser durch, so kann — alle..nur mogliche Werthe zwi- 


dao 
schen +1 und o haben. 
Es ist 


9p godt (14 na) 2 I sec (aey oe ey 
Vou eS —( w+ a) 30,90 \do) © y"\ae) Pe de 
4870 dudy ,9°C dydz,, 9°C dzdx 
“9xdy dodo dyIzdo da a" 70a ie 


+2 +2 


Bildet man den Ausdruck 3! de so kommt 
o 


ay Te re ygre PCr 0G) pre 2? sa(2) 
“h ta FRA" 0 ZIONS: bye 6 2 2\de 
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WC pL? fdz\* 12C spl 2? A (3) 92C vA ENE) 
TR Plage sie IGaa)\da) ada SO ae) a 
mee oy!) QO? a ee v! uw &* dy dx TG) ape ne aids 
92? ~ 0 De =) 


“Ixy eid do dyoz- 0 SQdade 
920 ww! G dedx YC yp! G dxdydz 


Us 


sea urene RESO Gan atu ‘© SO de do de 


pC 5 pl @ dy" (e 2) PC yp & dx “a 
 *ay92 o ZL da \do t29% 0 LLdo\de 


Da nun ax, hy innerhalb des Bereiches der Summation alle 
da do 


ee : dz 
nur mégliche Werthe zwischen —1 und +1, und — alle nur 


do 
mogliche Werthe entweder zwirchen +1 und o, oder zwischen oO 
und —1 haben sollen,so kénnen wir uns die Coefficenten der Diffe- 
07 Cee* DC tnG 
ken-und da eine Symmetrie der Wasserbewegung um die ZAxe 
angenommen werden kann, kénnen wir setzen 


y ft 2? s(4) = kip Pater olse5 2 (dz fines 
~¢0 J L\do ~ 0 SR\do ~ 6 SLda 


yi @ (4242) _ wil W(t) ("= of! & (UY a 
0 S2\da)\do 0 S2\da) \deo Ome ONAae/ one a 


wo das positive Vorzeichen beim Durchsickern, und das 
negative beim Aufsaugen zu nehmen ist. Wir erhalten indem 
wir setzen 


rentialquotienten als verschwindend klein den- 


und diese Grosse als eine Constante betrachten und zur Abkiir- 
nung setzen 
w+b?=a? 
Fee eae 1 ye 


Die Einfiithrung dieses Ausdrucks in (VII) ergiebt 


he 
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G2 Q 2 
als Differentialgleichung fiir die Menge des fliessenden Wassers 
im Punkt xyz des Mediums zur Zeit t, wobei fiir’die verticalauf- 
warts oder horizontal gerichtete Wasserbewegung “=o zu setzen 
ist. Man kann diese Gleichung auf eine lineare homogene 


Differentialgleichung zweiter Ordnung zuriickfiihren. Man setze 
C=Z +e Uto 


wo Z eine Funktion von xyz allein, und g eine Funktion von 
xyz und ¢ ist. Es kommt 


Se 27 (927 
— Me itip beri Pana ee gm ten EZ 


eg xap( oO w)- 1e-il*t 
+e (e458 apa Y 
was erfiillt wird, indem wir setzen 
99 »f97@ , do 7) 
eae te es 


NA NL 
a. (C4 Tye +e 


)+gn-B= ee 


Die Gleichung fiir ¢ ist genau diesslbe, welche bei der 
Theorie der Warmeverbreitung im festen isotropen Korper vor- 
kommt. Die Gleichung fir Z lasst sich allgemein. integriren. 
Man setze zur Abkitirzung 


gu—E _ 12 3 a ae 
See ers Z=Wt+aa 
so dass die zu integrirende Gleichung 

RAEI WV 

Dat t Dy? yn ee is ck 
1st. 

Ein particulares Integral ist 
Ae*®’ + Be-* 
Y 


UBER DIE WASSERBEWEGUNG. If 


wo r=/(x—§)? + (y—7)?+ (2—§)?, A und 8B willkiirliche 
Constanten sind. Stellt man sich A und B als willkiirliche 
Functionen der Coordinaten ¢7€ vor und nennt ein Raum- 
element dz, das durch € 4 ¢ bestimmt ist, so ist 


A pKr -Ky 
W={— tee ie 


ausgedehnt tiben einen beliebigen Raum, das _ allgemeine 
Integral der Gleichung (VIIIa). Mithin hat man 


Ky Be7*® A 
Cart |= eB debe slo. 
VY 


Es handelt sich nun darum © so zu bestimmen dass sie 
der Gleichung (VIII) geniigt, und gewisse gegebene Bedingun- 
gen befriedigt. 

Wir denken uns; die Wasserzufuhr finde in einer gewissen 
gegebenen Flache F statt, und soll auch gegeben sein, als eine 
Function der Zeit 4% In Bezug auf den Werth der Constante 
a konnen wir drei Gebicte in dem Medium unterscheiden, ein 
Gebiet der Durchsickerung, ein Gebiet der Aufsaugung, und 
ein Gebiet der horizontalen Leitung. Denken wir uns nun, eine 
cylindrische Flache (S) in der Richtung der Schwerkraft so gelegt, 
dass sie die Flache F in einer Linie beriihrt, ohne sie durchzu- 
schneiden, so theilt die Flache S'das Medium in drei Gebiete 4, 
B, und C. Die Wassermenge, die durch A verticalaufwarts 
fliesst, kann nur aufgesogen sein, und diejenige, welche durch 
C herabfliesst, nur durchgerickert sein, wahrend die Wasser- 
menge, die durch B fliesst, sich nur horizantal verbreitet haben 
kann. Man hat dalier fiir das Gebiet A 


a? =a? —h? =O S 2a s 
fiir das pepiek C ~~ | 

a =a> +b’ p>o srelenal age B-> 
und schliesslich fiir das Gebiet B | ip | 


aa’ =O | Cc | 
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zu setzen, und die Function C so zu bestimmen, dass sie ent- 
lang der Flache (S) continuirlich in einander tibergelit da die 
Wasselbewegung durchaus continuirlich von sich gehen muss. 

Es sei C, der gegebene Werth von C auf dcr Flache der 
Wasserzufuhr, so muss C in jedem Gebiet so bestimmt werden, 
dass an der Flache F fiir jeden Werth ¢ 

C=C, 
wird. Ist das Medium zur Zeit t=o tiberall trocken, so muss C 
ferner der Bedingung geniigen. 
C=o0 fir =o 

Wenn das Medium hingegen zur Zeit t=o mit Wasser 
gesattigt war, und an der Flache F fortwahrend trocken gehal- 
ten wird, so muss C den Bedingungen gentigen 

C—C5 Te —©) 

C=0 fiir jeden Punkt der Flache F 
wo Co die Wassermenge bedeutet, welche bei der vdlligen Sat- 
tigung durch das Medium fliesst. In diesem Fall wird das 
Wasser in dem Gebiete C aufgesogen, und sickert im Gebiete 
A herab.. Man hat daher in diesem Eall fur das Gebiet A 
a=a'+b67, und fiir das Gebiet C a%=a?—b? zu setzen. 

Hat das Medium eine Flache, die frei an der Luft grenzt, 
und findet dort Verdampfung des Wassers statt, so hat C ent- 
lang dieser freien Flache einer gewissen Bedingung zu gentigen, 
deren Ableitung jedoch schwierig ist, da wir um die Verdam- 
pfungsvorgange an der Grenzschichte eines Mediums, wie 
Boden, eigentlich so gut, wie nichts wissen. 

Es wird indessen nicht ganz werthlos sein, zu versuchen, 
diese Grenzbedingung abzuleiten, und zwar unter gewissen 
Annahmen iiber die Verdampfungsvorgange an der Grenzschichte 
eines Medium wie der Boden; Annahmen, welche sich wohl 
nicht allzu sehr von der Wirklichkeit entfernen diirften. Wir 
nehmen an, dass der Adhaesionsdruck in jedem unmittelbar an 
der Luft grenzenden Querschnitt der capilaren Hohlraume 
verschwindend klein sei, so dass dort 
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J 26 also woes 
Oo doa 


indem das heraustretende Wasser sich in eine gewisse durch 
den Dampfgehalt der Luft, und die Temperatur der Grenz- 
schichte bedingte Dampfmenge verwandelt. Von dieser Dampf- 
menge wollen wir ferner annehmen, dass sie der heraustretenden 
Wassermenge proportional sei, und eine diinne Schichte gesattig- 
ten Dampfes unmittelbar auf der Grenzschichte bilde, also dass 
man als die von der Flacheneinheit in der Zeiteinheit verdampfte 
Wassermenge gesetzt werden konne 

qr} ) 
wo F die Menge des gesattigten Dampfes bei der Vemperatur 
des Grenzschichte, f die Menge des Dampfes in der Luft und 
7 eine Constante ist. Die verdampfte Wassermenge verschwin- 
det so wohl fiir C=o, als (F—/f)=0, und wachst mit C und mit 
(F#—f). d.h. entweder mit der Trockenheit der Luft, oder mit 
der Temperatur der Grenzflache. Der Ausdruck fiihit demnach 
zu keinerlei Widersinnigkeit,so dass wir wohl berechtigt sind, zu 
behaupten, dass er, wenn auch in erster Annahrung. der 
Wirklichkeit entspreche. 

Es sei dm ein Element der nattirlich von allen durch Korn- 
gvosse des Bodentheilchens bedingten kleinen Vertiefungen und 
Erhebungen abstrahirten Grenzflache des Mediums, und » die 
Normale an derselben. Wir denken uns eine unendlich kleine 
Strecke auf dieser Normale abgetragen, und eine zweite Flache 
von der Grenzflache um dn entfernt, so dass das Volumelement 
dieses unendlich diinnen Raumes 

dt=dw dn. 
Wir bilden 


deo silers +e +e det f(g —B)de— [ Car. 


und denken uns die er: tiber den eben erwahnlen unend- 
ich ditinnen Raum ausgedehnt. Nun ist 


I4 UBER DIE. WASSERBEWEGUNG. 


fe - 
Cian 


Veranderung der Wassermenge in dem unendlich diinnen Raum, 


indem eine gewisse Wassermenge in der Zeiteinheit aus der 
einen Grenzflache heraustritt und verdampft. Man darf daher 
wohl setzen 


=o 


de=— | 9(F —f)C. din: 


Bei der Bildung des ersten Integrals rechter Hand bezei- 
chnen wir mit 2, die Normale an der Flache, wo die Luft unmit- 
telbar grenzt, und mit 2 diejenige an der um dn entfernten 
Flache, und denken uns so wohl m als #2 nach Innen der 
unendlich diinnen Raumes gezogen, so haben wir 


re hor Oat C. UC 4. e aC 
a = Opa a= os me : Biras” 


indem das Flachenintegral tiber die duch dn gebildeten tbri- 
sens beliebig gestalteten Begrenzung mit verschwindendem 
dn verschwindet. Da aber der Adhaesionsdruck an der 
freien Flache verschwinden soll, und daher 

IC 


Pits 


sein muss, so folgt 


mE | 9C gi pie 
« { (=~ 9 oti <4 ra tat { dw. 


Mithim erhalten wir 


~ fdol(y (F—pe+ re we \= faciug—B)—10 fae. C. 


Die Groéssen (ug—E) und ??C sind endlich, die beiden Integ- 
rale rechter Hand werden darum verschwindend klein, mit ver- 
schwindenden dn. Mithin muss 


Ffc+a Co, (VID) 
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sein. Diese Bedingung, der C an der freien Flache des Mediums 
zu geniigen hat, ist also linear in Bezug auf C und hat dieselbe 
Form, wie dic Bedingung, welcher die Warme bei ihrer Verbrei- 
tung an der Grenzflache eines festen isotropen Korpers im 


diathermanen Medium zu geniigen hat. 


Wir wollen jetzt C fiir einige einfache Falle aufsuchen, in- 
dem wir uns die Elache der Wasserzufuhr als eine unendliche 
Ebene denken. Nelhmen wir diese zu der (xy) Ebene, so sickert 
das Wasser im Gebiete +2 herab, und in dem Gebiete —z 
wird es aufgesagen. Nehmen wir die (xz) Ebene zu der Flache 
der Wasserzufuhr, so wird das Wasser rein horizontal fortgelei- 
tet. Indiesen drei Fallen wird C nur von einer Coordinate 
abhangig sein. Wir haben demnach im Fall der Durchsickerung 


IC WAC @=a’?+h? f 

————— —— ee OH 

aaa 92 ia e r=pg—E Wes) 
im Fall der Aufsaugung 

IC Ee : a =a*—b? 

——= "(J eer tee ys i 

DE a $2 i : (=E 
und endlich im Fall der horizontalen Leitung 

IC wee : a’ =a" 

a — fee 

1 a a c iE 


Wir fassen zunachst den Fall in’s Auge, wo “ verschwindend 
klein ist. Man hat dann 


a, = 


ee 
77 yr 
zu integriren. Man setze behufs dieses 


7 
A 


(2° 
sae +Az+B 


C=¢- 


16 UBER DIE WASSERBEWEGUNG, 


wo A und B zwei Constanten sind. Danna erhalt man fur p 
die Gleichung 


Eine Losung dieser Gleichung ist 
—av't. 
€ sinvt. 
wo v ganz willkiirlich bleibt. 
Die Function : 


2 es 
= fsin aardu | f(oye* 7 sin vudu 
‘9 0 0 
geniigt auch der Differentialgleichung, und hat die Eigenschaft 
fiir z=o zu verschwinden, und fiir =o 
=f(2) 
zu werden. 
Es soll C so bestimmt werden, dass 

C=6 i =O 

c_C, fir © 
d.h: der Boden soll zur Zeit 7=o0 trocken und in dep hee 
z=O constant gesattigt gehalten sein. Diesen Bedingungen 


geniigt man, indem man setzt 


x n <9 
1 2 3 ——= (Uinta 
C=0(1-2 [sin zudu f ¢ resin ude) 
7v 
0 


0 
(CRN hp - ”  —O204t 
= +—3 sin zudu | ve sin vudv 
2a° ° 2a°r 
0 0 
io) i) 
2A : = @a0eb 
+ Az—— | sin zudu | ve sin vudv 
ra 
0 0 


Die hier autretenden Doppelintegrale lassen sich auf das 
Kramp sche Innegral zuriickfiihren. Thut man das, so erhalt 
man 
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2avr Ee se Gade GeeAya 
c=C(1— 2 fewa\ aoe | wai” rs a a" ) 
/ evT 


oder indem man das zweite und dritte Glied partiell integrirt, 


+ 


ZON) 


C=C 1- Ff e Pia lot aber Tale teen fever 


eal? 


L 


oe 


+2a/}4.2%.¢ “Fg Az +ZE(fe is fe a 


Say t ayy 7 
Nun ist 
fe’ wis fe "tie fi w) aie a5 ta fra SF ar 
ried | ers coed waF 


so haben sich die mit A behafteten Glieder auf. Man hat somit 


are eres 
ars Zaha ge 
5 2 Re a i 6 LV Seri 
C—Ci———— |e P| eee || ASG i dA 
c Wee di Oe? at eae = (2° + fe 
0 0 
v2 


Pet Si = 
20h fF. Bela ‘) 
Die Discussion dieses etwas complicirten Ausdrucks ist nicht sch- 
wer. Wenn nun ¢endllich, und z sehr gross ist, so dass ———= sat ; 


sehr gross ist, dann hat man 
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d. h. selbst in der Unendlichkeit miisste das Wasser herab- 
fliessen. Im Fall der Aufsaugung und der horizontalen Leitung 
ist 7 negativ zu sctzen; es ist dann 

C=—y7t. 
das Wasser hat sich also noch gar nicht so weit fortgepflanzt. 
Die Schichte C=o muss sich in der endlichen Zeit um End- 
liches von der Flache der Wasserzufuhr entfernt haben. Ist 


: : : Zz 
hingegen ¢ sehr gross, und z endlich, so folgt, da hier sae 


unendlich klein ist 


Ly Se Ven aS ay ae 
C6 ie (X) 
y/ tt 


ist. Im Fall 


C nimmt mit wachsendem z zu, falls Be 
a as 


das Wasser aufgesogen, oder horizontal geleitet wird, nimmt 


C mit z ab, und kann in einer gewissen Entfernung von der Fla- 
che der Wasserzufuhr verschwinden, welche durch 


Zz I ; : 
SSS nicht smehreunenditeh 
2an/ t 7s 


klein; darum hat die Gleichung (X) keine Giltigkeit mehr fiir 
einen solchen Werth von z, wo bei sehr grossem ¢ die Schichte 
C=o sich bildet. 

Um die Bewegung des Wassers etwas allgemeiner zu ver- 
folgen, wollen wir die Gleichung (X.) transformiren durch 
die Einfitihrung einer neuen Variabel, welche durch 


definirt ist. Indessen ist 


z 
2ar/ t- 
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definirt ist. Indem wir zur Abkiirzung setzen 


———= Nat 
Af it 


u 


k6nnen wir die Gleichung (Xz) auch so schreiben 


C=CV+ ar 24 = v(w = =) 
DPI 2) 


die Bewegung der Schichte C=const ist dann durch zwei Func- 
tionen von w bestimmt, und lasst sich unschwer verfolgen. Die 
Function 


bleibt fiir jedes positive « immer positiv und endlich and 
kann nur fiir #=o verschwinden, sonst fiir keinen positiven 


2 
Werth, und wird == fiir w=0. Daaberue-" und V(w +4) 


ein Maximum haben, so wird 2 ungefahr bei w=1.1 ein Mini- 
mum, und bei #=1.7 ein Maximum; da ferner C—C, V mis 
wachsendem w nur stetig zunimmt, so sieht man ein, dass w 
von gewissem Werthe von ¢ Werth von ¢ ab. doppelwerthig 
wird, um dann bei einem gewissen Werth von ¢ wieder einwerthig 
zu werden. Im Fall der Durchsickerung ist nun 


Es ist zunachst fiir =o 


Dis. EEO ee 
2=CV= 2 fe- di. 
u 


MV 
da 2 nie unendlich gross werden kann. Nennt man die Wurzel 


dierer Gleichung w’, welche positive und reell ist, wenn C<C, 
ist, so hat man, da ¢ immer positiv sein muss 


CV 
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d. h. fiir jeden Werth von ¢ muss 
u>u’ 
uw muss daher von diesem Werthe w’ aus, welcher um so kleiner 


ist, je mehr sich es der Einheit nahrt, mit wachsender Zeit 


0 
wachsen. Da aber w bei einem gewissen Werth von ¢ doppel- 
werthig wird, so bildet sich die Schichte C=const in zwei Stellen 
entsprechend den beiden Werthen von uw. Da diese beiden 
Schichten beim weiteren Verlauf der Zeit wieder in eine Schichte 
zusammenfallen, so nimmt die Distanz der beiden Schichten 
fortwahrend ab, indem sie immer tiefer herabsinken, bis nach 
dem Verlauf der Zeit 
a 
; 
w unendlich gross wird, d.h. die Schichte C=const. bewegt 
sich in diesen endlichen Zeit in’s Unendliche, und demgemass 
stromte das Wasser mit unendlich grosser Geschwindigkeit 
niederwarts. Im Fall 7<o ist, d.h. wenn das Wasser aufge- 
sogen oder horizontal geleitet wird, hat man, da ¢ positiv sein 


muss 
BO’ 
eee as) 
ESoStuliens —O 
CSV Cs 


wieder. Nennt man die Wurzel dieser Gleichung w’, welche um 


so grosser ist, je kleiner ist, so ergiebt sich, dass beim wei- 


C, 
terem Verlauf der Zeit 

u<u’ 
sein muss. w kann daher nie unendlich gross werden, es nimmt 
nur von a’ aus bestandig mit wachsendem ¢ ab, und convergiert 
gegen Null, da fiir w=o, t=0o wird d.h. z ist eine endliche 
Grosse fiir t=; die Verbreitung des Wassers verticalaufwarts 
oder horzontal hat eine Grenze. 
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Diese also geschilderten Erschinungen lassen sich nun in 
der Natur nicht finden. Wohl lehrt die Erfahrung, dass w beim 
Durchsickern unter gewissen Umstanden mit der Zeit zunimmt, 
und beim Aufsaugen abnimmt; sie lehrt aber auch, dass die 
Geschwindigkeit des durchsickernden Wassers mit der Tie‘e 
schnell abnimmt, dass w bei der horizontalen Leitung unter 
gewissen Umstanden mit der Zeit zunimmt, statt abzunehmen. 
Es ist dies ein Zeichen dafiir, dass die Reibung der Wasserthelil- 
chens an den Wanden der capillaren Hahlréume eine maassge- 
bende Rolle spielt, dass ”?C nicht als unendlich klein vernach- 
lassigt werden darf. 

Wir wollen denn die Differentialgleichung (IX) integriren. 
Zu dem Ende setzen wir wieder 


C— ae 
und nehmen an, dass 7 die Gleichung 


a2 $710 Z=0 (X,) 


~ 724 
@) 


erfiille und ¢ die Gleichung. 


so wird die Gleichung (IX) erfiillt. Das vollstandige Integral 
der Gleichung (XI) ist 


4 "is 
ee eee 
Mithin haben wir jetzt 
ut ee 
4 “te SA ,—2 - 72 
Cte 2 Ge te BY 


wo C, C, zwei willkiirliche Constanten sind. 
Es soll ¢ jetzt so bestimmt werden, dass sie die Gleichung befrie 
digt, und den Bedingungen 
C=C, fir z=0 (XI) 
C=o it 730 
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Geniige leistet. Da C in der Unendlichkeit nicht unendlich 
gross werden darf, und daher C,=o gesetzt _ werden muss, so 
wird allen Bedingungen gegniigt, wenn wir setzen 


wel, ri 
a 
und. 
.. it peer ko ac ca is ty 
2) Sh) ee ee SE ec , SN Se 
C€=—-+Ce ——— sin wz du | 7 : : 
FA Re Sah Hisense : J\£4Ge “de ssinsuden 
0 0 iS 
oder indem wir das Doppelintegral mittelst der Formel 
- —ax? I x Bl 
fe ICOSIOSd5— — a | =e 4a 
2 a“ 
0 
reduciren, und C,=C,— ia setzen 
ee cee xt 
—ft* 2 Ss 
7 ( 2e 2a ) mee 
_— = —)} - 
ClO RI ANY Fe Ie ay toe 


w C 3 > 
2 Cf ==) (oe ee 
aT a Cerrar) 
0 


Das letzte Integral lasst sich weiter auf die Form 


es) 


>2 ° a 
uy 22} Nees. yitee . .) 
2aV/ te BO Te GE dik—e€ a e di 


—— Zz — z 
MAE er = Ht t er Vera 


bringen. Man erhalt somit 


ee me ee x 
2e eee t 2: z 
iF “ae 6 e 
apr aa f 1) ae 
| =A on =i 
(ef Panegt | ea 
tT pe ON ae 
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Fiir t=o wird in der That 


und fiir 7=o 


Sei a ash If 7A 
C= 4+01= We +(C, WZ jee, 


Die Discussion des also gefundenen Ausdrucks fiir C ist 
keine leichte in Folge der Unméglichkeit, z und ¢ getrennt 
darzustellen. Es folgt zunachst fiir unendliches 2 und 


endliches ¢, da unendlich gross ist, 


20 


, =r 
= / = 
C= re (: e ) 


Die Wassermenge in der Unendlichkeit ist anfangs Null. 
und wachst mit der Zeit asymptotisch zu der  constanten 


und endlichen Menge — Im Fall das Wasser aufgesogen 


oder horizon'al geleitet wird, ist 


x eee 
—_-— (a ) 
7 ed 


In diesen Fallen kann sich das Wasser nur durch eine 

endliche Strecke wahrend der endlichen Zeit fortgepflanzt 

haben. Wird ¢ unendlich gross, so hat man fiir endlich es z 
rT 


E: 7 Sy 
ee +Cre a 


Die Wasserbewegung ist dann in der Endlichkeit stationar, 
und die Wassermenge nimmt von C, aus mit zunehmendem 


z asymptotisch zu oe ab. Anderes aber, wenn das Wasser 


aufgesogen’ oder horizontal geleitet wird. In diesen Fallen ist 


rf a) fa ——2Zz 
ake (c+ 56 )e a 
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Es giebt sonach eine Distanz von der Flache der Wasserzufuhr, 
wo kein Wasser nichr fliesst. Diese Distanz ist bestimmt durch 


li : E 
_ iC 7 Cor Wa 
2. @ ~~ 4h, = mk cae 
7 
(+5) = 


= 


und ist um so grésser, je kleiner —~ ist, d. h. wie aus der 
e. 


"7 


Bedeutung der Constante EE unmittelbar erhellt, je fein- 
korniger der Boden ist, je weniger derselbe Wasser 
absorbiert. Diese Stelle des verschlwindenden Wasserflusses 
ist bei der horizontalen Leitung weiter von der Flache der 
Wasserzufuhr enternt, als bei der Aufsaugung.; da @ bei 
dem ersteren Fall grésser ist, als bei dem letzteren Fall. 

C ist die Wassermenge, welche in Zeit Eins durch Flache 


Eins fliesst. Schreibt man die Gleichung fiir C so 
il xt 


so sieht man, dass das Wasser durch einen Querschnitt 
z=const. um so mehr durchsickert. je grésser 7y=7g—E 
st. d. h. je durchlassiger und je weniger porés der Boden ist. 
Fast das Gegentheil findet aber bei der Aufsaugung statt. Es 
ist in diesem Fall 


C ist dann desto grosser, Je kleiner 4 ist, d. h. je feinkorniger, 


und daher undurchlassiger und je weniger pords der Boden 
ist. Es sind Resultate, welche die Erfahrung wenigstens 
qualitativ bestatigt hat. 

Wir wollen jetzt annehmen, dass ¢ klein sei und auch 


Z, So dass ae und “%/ ¢ kleine Briiche sind. Unter diesem 
2 t 


Umstand kann man angenahrt setzen 
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4 . T — VA 
Ce thas LI a = a 

J 2 } 20V +t 

Zz 
Itr/ t TaN Et 
ies if 

, —i4 

al 7 oe eae es 

. € NTE: é I be 


Substitution dieser angenihrten Ausdriicke in (XII) ergiebt 
nach einer leichten Umformung. 


if (I—"*2)z, C it it 
SS |. I y _ D 
na ON az WV ¢t abe 2 ( a sels a 2) 
‘ — wt 1 
_ CAV ¢ (a nf 7+)— GC: Zz AA ee 
Lo I el ARTSY) AY a 


Indem wir anna&hrungsweise in diese Gleichung 


einsetzen und rechts und links mit ¢ dividiren und dann 


: 5 ios NS ; 
das Glied, in dem “() als Factor auftritt, vernach- 
a> \W ¢t 


lassigen, so erhalten mir mit Biicksicht auf die Bedeutung 


von C, 
pCa Of GN of 2 )- “ 0. (2- 7 on 
suet at) tae ee tec 


Hieraus folgt 
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Das negative Vorzeichen des Badicals ist hier zn nehmen, da fiir 
jeden Werth von ¢firg=0, C=C, sein muss und Tmeekehrn 


y 
Aa 


Es lasst sich der Werth von Wig in der Nahe der Flache der 


Wasserzufuhr fiir eine Wasserschichte C=const mittelst dieser 
Gleichung verfolgen. Es wird beim verschwindenden ¢ 


= fF ae avg Ee) 


St. 
der Nahe der Flache der Wasserzufuhr eine gute Strecke 
himdurch sich wenig von C, unterscheiden méchte. Da 


Der Anfangswerth von 


ist offenbar klein, da C in 


5 
A 


Ta doch endlich ist bei dem verschwindenden ¢, so muss 


d 


fiir t=o dann unendlich gross sein, was in der That der Fall 


ist. Der Ausdrtck ftir = convergiert aber mit wachsendem 
t 


¢ gegen Null; es muss daher Fea t=o einen relativ grossen 
t 

Werth haben, von dem aus = mit ¢ abnimmt. 
t 


Is folgt hieraus, dass a fiir jede Schchte in der Nahe 
AG 


: 


der Flache der Wasserzufhr klein. ist, dass aber die 
Geschwindigkeit, mit der diese Schichte sich bewegt, sehr 
grose sein muss, und zwar so, dass sie ftir die Durch- 
sickerung grésser ist, als bei der horizontalen Leitung, und bei 
dieser wieder grésser, als bei der Aufsaugung; eine Schlussfolge- 
rung, die in der Tha! durch die Erfahrung bestatigt wird. 


; : Ge 
Wir denken uns jetzt ¢ so gross, dass e als ver- 


schwindend klein betrachtet werden kann, und um so mehr das 
Integral 3 
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da 


ist TON oe 
t soll aber dabei eine solche Grosse haben, dass, wenn z 
gross ist, (wT =) als unendlich klein  betrachtet 
werden kann. Unter diesem Umstand haben’ wir 

t v6 


—— 7 (Ge pe rae Ve 4 —— Zz ) 
Cap +C, é o ea = VA t ea are 


was aber auch so geschrieben werden kann 


Gaal ; =| 


Da aber %)/ ¢ ————— sehr klein sein’soll, so kann man 
2av ¢t == 


= 


o(c—f- ) 
log Ne ae = -+og) 1+ +—— 


I 15 


diese aac auch so schreiben 


acai a A(T 


4 


wos) 


wo zur Ae 
Gaels 
ae US eee 
@: 


gesetzt ist. Man findet hieraus 


20 ES 
eee XIII 
Las XI 
7 RE: (XIII) 
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Der Werth von WF strebt also mit wachsendem ¢ gegen 


2, 0 5 . nO 
v= zu; derselbe ist bei der Durchsiekcrung grésser, als 
bei der Aufsaugung. eae nimmt dabei mit ¢ zu, wenn K 
positiv ist; d. hk. wenn ~ Te ein unechter Bruch ist. 
C, 
Zz ; ; 2 (ES : 
Taz nimmt aber mit ¢ ab, wenn 7? Jein echter Bruch 
t (on 
und K < == ist, denn es ist 
a( =) 20. ak Ae +K) (XIITI,) 
Wii Ux 6 x TG 
Go ay) eT ar eae 
ee (va +=) ( ? +71) 


K wird somit negativ beim Durchsickern fiir C.++> 
2C aber positiv fir CEP 20. Da wir wohl annehmen 


diirfen, dass beim Durchsickern klein und C dagegen 


iiberall ziemlich groéss ist, wie der unmittelbare Augenschen 
es wahrscheinlich macht, so kénnen wir wohl weiter anneh- 
men, dass bei der Durchsickerung wenigstens durch eine 
gewisse Stecke hindurch 


Cot a-<2€ 
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sei, wenn kein Druck sonst auf. die Schichte z=o 


einwirkt und so C, erhoht. Es folgt dann, dass = 
N 


bet der Durchsickerung weingstens durch gewisse Strecke mit der 
Zeit wachsen muss, wenn C 


aber C 


> wicht besonders gross ist. Wenn 


F "3 
so gross ist, dass C,+ pe 6 ist, danneward) ——— 
Vt 
auch bei der Durchsickerung mit ¢ abnehmen. Bei der Auf- 
saugung ist 


1°) 


(c+# = #) ee 


+B) o-Bos0 
Cy E 
(OF) 


List hier klein; C aber wohl sehr klein, also dass wir 


annehmen k6nnen, dass_ hier 
C Sa 2C 

(c++) 

und dass eS 
(Ct) 


einen negativen grossen Werth habe, MHieraus folgt dann, 


ein kleiner Bruch sei und AK darum 


dass 


Ee ber der Aufsaugung mit der Zeit abnehmen muss. 


Bei der horizontalen Leitung ist wieder 


12 C+ ae ) aa saa 


eee (Gs pees 


grosser, als bei der Aufsaugung. Man darf daher wohl anneh- 


men, dass bei der horizontalen Leitung wenigstens durch gewisse 
Strecke hindurch 
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EZ 


C.— 
La 8% 


sel. Hieraus folgt, dass Te bet der horszintalen Zeitung we- 
t 


nigstens durch gewisse Strecke hindurch mit der Zeit zunchmen muss. 
Es folgt ferner aus dem Ausdruck 


e [elon eee Pla ) 
T= =6 a Ut 


Vt 
Horizontalen Zeitung, und bet dieser grosser als bet der Aufsaugung. 

Die Geschwindigheit, mit dey die Schichte C=const ‘sich 
bewegt, nimmt in allen dret Fallen mit der Zeit nur ab., denn es ist 


( ER ah es Ade 2 oa y 
A ET: ey ae ($= OG ) 


dass 


bet der Durchsickerung grodsser sein muss, als bei der 


dt 2 
ge +457) 
MA x wt 


was offenbar positiv bleibt, und mit wachsenden ~~ ¢ in’s Unen- 
dliche abnimmt., was fiir einen Werth K auch haben mag. 
Uberschreitet ¢ einen gewissen Werth, so dass /¢ 


oe 7; Fai) gross wird, was allenfalls eintreten muss, da z 


nie eine Grosse von der Ordnung ¢ sein kann und hochstens von 
der Ordnung “¢__ bleibt, so gilt die Gleichung (XIII) nicht 
mehr, und die Grésse a> gehorcht nicht dem oben ausgespro- 
chen Gesetz. Die Zeit, von der ab die Gleichung (XIII) ungiltig 
wird, tritt dabei, um so friiher ein, je grésser a ist. Es folgt 
hier aus, dass diese Zeit bei der Durchsickerung friiher enitreten 
muss, als bei der horizontalen Leitung, und bei dieser wiederum 
friiher, als bei der Aufsaugung. 
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ae Zz ; pee ie 
Din ———— rast das, |mtestal = lle 
gE ees es ee 
Ha/ t Zz 
20 an 


schon ein kleiner Bruch. Man kann daher die Gleichung 


el oe eee ei Se 
og 12 =e 20s ia € 


C; Ul FE _ itiak 
in erster Annahrung schreiben, 2an/ t 
o> + at r See 
et) er i] is dj (XI Ie) 
C= Ww TA isfoumn Zan 
2an/ t 


Nun hat Schlémilch fiir das Kramp’ sche Integral von 
grossem Argument eine rasch convergierende Reihe entwickelt.t 
Indem wir von dieser Reihe Gebrauch mechen, und nur das erste 
Glied behalten, so erhalten wir in erster Annahrung 


nm Af ofl 2 y 
} ae Vn —_ 
(Pa ei ( : 2aV t ) 

———————————————————————— 


J one = 
oy ee ae 
UN t aa FE 20N ¢t 
Indem wir diesen Ausdurck in (XII,) einfiihren, und 
rechts und links mit  ¢ dividiren, kommt 


Salli 
loe(— x? ) 
(ets EN oe 
2s ee ee ae 
Vt A = ? 
0. t 2/7 x (#- 2 ) 
2a 


Da man (v7 - | mit ¢ und daher_ auch 
2aVv + 


t Schlomilch: Compendium der hodheren Analysis Band II pag. 266. 
Zweite Auflage). 


32 UBER DIE WASSERBEWEGUNG. 


3 ne 


¢%t— —— in’s Unendliche wachst, so sieht man, dass 


a in’s 
20. Vt 
, rf 
5 Co— 42 , 
Unendliche abnehmen muss, da _ log : hier durchaus 
Cea 
x* 


und endlich positiv ist, so lange C—~—4— nicht verschwindend 
& 


klein ist. Es folgt hieraus, dass Tr gleichwohl ob das 


Wasser durchsickert, oder aufgesogen, oder horizontal gelettet wird, 
mitin's Unendliche wachsendem t 1n’s Unendliche abnimmt, dass daher 
z eine endliche Grosse fiir t= ist d. h. mit anderen Worten, dass 
so wohl die Durchsickerung Aufsaugung, wie die horizontale Zeitung 
tm Boden eine Grenze hat, in so ferne, als es sich um die Bewegung 
einer Schichte C=const. handelt, nicht aber um die Schichte 


Noch ein Paar einfache Falle seien hier behandelt. Wir 
wollen C fiir den Fall ermitteln, wo der Boden in seiner 
ganzen Ausdehnung zur Zeit f=o gesattigt ist, und in der Ebene 
z=0 constant trocken gehalten wird, so dass 

C=C, fu | sO 
C—oe fi 
Diesen Bedingungen geniigt man, indem man setzt 


~ ~ 


ba! a a a 
Gata (ae 2 ‘ 20r/ ¢t s 20 Poet: 20 +t 
ae Vo cA op Vt SA: 
‘ : 5 @ dA 0’, . aa 
nH "is Cc) 7t cs) 
de ee if pa ae a = 2 
re 1 ee WAP RE = a, iF ag lane ie # a) 
Lal E- Z HA/ Et Zz 
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BSust tun s—O 


it it 
(ee iene. 2c 
IG 2 Fyre SS) 
und fiir z=o 
Cam a ° 


wie es verlangt wurde. Es wird fiir grosses z bei endlichem ¢ 
al a fa 
C=C wc ‘+E (1-< 4 


Das Wasser sickert also, und die Wassermenge in jeder 
Schichte sinkt von C, auf z herab. Ftir grosses ¢ bei 
endllichem z wird 


14 ) 
ie a 
c=E(i e a. 


Die Durchsikerung wird also stationar, und die Wasser 


- 


. if 
menge nimmt nach oben zu von o gegen qx Zu 


Ist die obere Grenzebene des Bodens die unendliche aus- 
trocknende Ebene, oder steht diese vertical, so hat man 
7 negativ zu setzen. Man erhalt fiir endliches ¢ bei unendlichem z 


e=/2 4 — 2 
C=Ca 2 a ee 4 _) 


We 


C kann hier nach einer gewissen Zeit verschwinden, welche 
durch 


bestimmt ist. In der endlichen Zeit muss der Wasserfluss 
vertical aufwadrts, oder horizontal nach der austrocknendem 
Ebene aufhoren. Demgemiss ist fiir t=oo bei endlichem z. 
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Der Wasserfluss nach der austrocknenden Ebene hat auf 
gehort, weil das Wasser in verticaler Richtung abwarts in die 
Unendlichkeit sickert, und in horizontalet Richtung kein anderes 
Wasser giebt, als was an den Wanden der Capillarraume unbe- 
weglich haften bleibt. 

Wir wollen jetzt den Fall behandeln, wo der Boden, 
an der Ebene z=o gesattigt gehalten wird, und in einer 
dazu parallelen Ebene z=/ Verdampfung des Wassers 
stattfindet. Es soll dann C so bestimmt werden, dass 
sie der Differentialgleichung (IX) geniigt, und 


CSE, sir 2=o 


GAe . itic FSO (a) 
wird, und fiir z=/ die Gleichung 
; 9C 
KC + ——10) (b) 
befriedigt, wo EES gesetzt worden ist. Eine particu- 
dé. 


lare Losung der Gleichung (IX) ist 


7 7 pc 
——2 —z —t't—a it 


EtCe, OE Creede sin A gz, 
wo A C, C, willkiirliche Constanten sind. Die erste der 


Bedingungen (a) giebt zunachst, 


jee: +C,=0 (c) 


Die Bedingung (b) ergiebt 
ue 7 a 
ae Sg sas ( x 
K(i +Cye gi Fea" Ce aie ad 


+A(K sindl-+-A cos hem (mae (d) 
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was befriedigt wird, wenn wir setzen 
it it at it 
7 — = 4 = —— 
K(x +Ce, a +Ca\)——(Cu @!-+Cu a )=0 


K sindl+ cosAl=o (d) 
Die erste dieser Gleichungen und die Gleichung  (c) 
bestimmen C, und C, eindeutig 
“1 
eel, Nami 
pale. Tye a (s+ Gale )te 


i 7€ a 


—— “s = —- 
a (s+ - \ne a (x—oK ) 


Die transcendente Gleichung (d) ist dieselbe, welche bei 
der Theorie der Warmeverbreitung in einer im diathermanen 
Medium befindlichen Kugel vorkommt, und hat bekanntlich 
unendlich vicle positive reelle Wurzeln. Es seien diese 

A, 13 Be en sre Mies ae? 
Da die Gleichung fiir ¢ Inear und homogen ist, so geniigt auch 
die Function 
7 a Ope ge ra 
Genero na Cle. oe An 
C2 i stn (Ant) 


~~ 


der Gleichung (IX) und lefriedigt so wohl die erste der Bedingun- 
gen (a), wie (0). Die zweite der Bedingungen (a) lasst sich erfiil- 
len, indem man setzt 

U it 14 
yt =e ( if LCs a + C 8a * sinned: 


2Aml —sindnl Te af 
0 


da bekanntlich 
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i 
sin(Ay-z). sin(Aiz)\dz=o fiir Ss 
J : > 
0 
l 7 : 
f sin Goa) sin(A Adz het sin aand fiir m=n. 
4hn 
0 
ist. 
Indem wir demnach zur Abkiirzung setzen 
4h (eee re r 
An= = —_ | (CNC ae Se Se COS nL 
24 n—sin(2A,L) (=) ale r) Te (1—cos pl) 
od. 


i cos(AL) 
t” eae 
( (=) +2'n) 


ZA 


haben wir 


2 WO t— a? Mint 
—y A me et Z 
1 SIN Ay,2- 


als die gesuchte Function, welche allen gestellten Bedingungen 


Geniige leistet. Wir begniigen uns diese Gleichung nur in dem 
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Fall naher zu discutiren, wo ¢ so gross geworden ist, dass die 
unendliche Reihe verschwindend klein ist, also dass die Wasser- 
bewegung eine stationore geworden und durch 


= (eae cs) 
c= se. e € | 
7 ’] 
Ie 


; 1 a 
ie eS gle ( saat ) —— (2) 
+(C. i) (43% ONC ae 


6 
aa it aay, - 
28 (+-5)_, a (4) 


bestimmt ist. Die Wassermenge, welche bei der Ebene z=/ 
_durchsickert, ist hiernach 


ut 
pale oy (Sa ae! 
OF ar Ee Lancet, a 5) 


“4 Agee 
vas aoe ke =z) 


Wenn nun / sehr klein ist, so ist 
C=C, 
demnach bewegt sich durch eine unendlich diinne Schichte 
iiberall dieselbe Wassermenge vollig unabhangig von der 
Verdampfung, die auf einer Grenzebene  stattfindet. Ist 
hingegen 7 sehr gross, so hat man 
ak WLS & SS ee niewrs BS 

Kak +") (4(B-f) + art) 
Die Wassermenge, welche in der Zeit Eins aus der Ebene z=1 
heraustritt, nimmt demnach mit der Grosse der Verdampfung 
ab; sie ist dabei um so grosser, je grosser 7 ist; d. h. je gro- 
bkorniger, und je weniger pords der Boden ist. Wird K=o, 
findet die Verdampfung an der Ebene z=/ sehr rasch statt, so 
wird C=o, was doch selbstverstandlich ist. 


38 UBER DIE WASSERBEWEGUNG. 


Wenn die verdampfende Ebene, iiber der Ebene C=C, 
; if — 
liegt, so hat man ye <0 zu setzen. [tr sehr grosses J hat 


man 
ee Eee ote Vs 
Mak +1) 


Das Wasser steigt gar nicht zur Ebene der Verdampfung empor. 
Die Schichte C=o liegt darum in der Endlichkeit; ihre Héhe ist 
bestimmt durch 
7 
anes Nae eee 

= ae +(C.+ 12 ) - 
also durchaus unabhangig von der Verdampfung. Anderes aber, 
wenn die Verdampfung sehr stark stattfindet. d.h. wenn K=oo 
ist. In diesem Fall hat man 


wt z = it 
Shp (, Cus rae ) 
tae ie ¥ BRE 
\ (. tn 
it t 
i te e€ € ; 
H(c +4) eS 
We Spe ae 


was verschwindet, wenn z=/ wird d. h. die Schichte C=o steigt 
immer h6dher,-je_grosser die Verdampfung ist, also, dass das 
Wasser im Boden hoher aufgesogen wird, wenn es an einer 
freien Flache verdampft, als-wenn dies nicht der Fall ist. 

Man sieht somit, dass die problematische Grenzbedingung 
(XIII) Ausdriicke geliefert hat, welche wenigstens qualitativ 
mit der Erfahrung nicht in Widersprnch gerathen. 


UBER DIE WASSERBEWEGUNG. 39 


Das Mittel, die Folgerungen der theorstich abgeleiteten Formeln 
fiir Falle, wo das Wasser im Boden durchsickert, oder aufgeso- 
gen oder horizontal fortgeleitet wird, naher experimentell zu 
priifen, besteht einzig und allein in der Messung der Distanz 
derjenigen Schichte, wo der Boden beginnt, eine dunklere Far- 
bung anzunehmen, von der Ebene der Wasserzufuhr. Da 
es nachweisbar ist, dass der fiir eine unendliche Ebene der 
Wasrerzufuhr aufgestellte Ausdruck fiir C giltig bleibt, wenn 
der Boden durch eine fiir Wasser undurchdringliche cylindri- 
sche Flache von unendlicher Launge .unschlossen wird, so 
kann der Boden iu Bezug auf die drei Arten Wasserbewgung 
in einer Glasrohre unbedenklich in Untersuchung genommen 
und der fiir C auf gestellte Ausdruck naher gepsviift werdeni 
wenn Sorge dafiir getroffen wird, dass die Wasserzufuhr 
constant vor sich geht. Es ist aber eine schwierige Frage, 
welchen Werth man C fiir diese Grenzschichte der Andunk- 
lung beizulegen hat. C=o fiir diese Schichte anzunehmen 
ginge schon desshalb nicht, weil die Fiillung der capillaren 
Hohlraume in der Grenzschichte, wie der Augenschein es 
unmittelbar lehrt, mit der Distanz von der Ebene der 
Wasserzufuhr entschieden abnimmt, und aus demselben Grund 
darf man auch nicht fiir diese Grenzschichte durch die ganze 
Strecke hindurch, die sie wandert, C=const annehmen. Es 
bleibt dann nichts tibrig als anzunehmen, dass C fir die 
Grenzschichte der Andenklung in hinreichender Entfernung 
von der Ebene der Wasserzufuhr sich so langsam mit der 
Entfernung andere, dass man sie eine lange Strecke hin als 


constant ansehen konne. Da ferner fiir die Grenzschichte bei der 
Durchsickerung entschieden grésseren Werth haben muss, als 


bei der horizontalen Leitung, und bei dieser auch grosser, als 
bei der Aufsaugung, so miissen, wenn des abgeleitete Ausdruck 
fiir C anderes einigermaassen richtig die Wasserbewegung in 
Boden darstellt, folgende Gesetze durch die Erfahrung bestatigt 
werden. 
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1) Die Grosse I+ ist anfangs klein, gleichwohl ob das 


Wasser durchsickert, oder horizontal geleitet, oder aufge- 
sogen wird, wenn die Wasserzufuhr nur nicht unter Drucker- 
hohung geschieht. Dieselbe nimmt dann mit der Zeit 
ab, um dann wieder zuzunehmen. 

2) Wenn die Wasserzufuhr cine gewisse Grosse nicht tiber- 


schreitet, so muss TF durch gewisse Strecke hindurch bei 


der Durchsickerung, und bei der horizontalen Leitung mit 
der Zeit wachsen, bei der Aufsaugeng aber mit der Zeit 
abnehmen. Uberschreit der Wasserzufuhr eine gewisse 


Grosse, so kann oT bei allen drei Arten Wasserbewegung 


mit der Zei nur abnehmen. 
Zz 


Vien 
Arten Wasserhewegung mit der Zeit nur ab. 


4) Unter iibrigens gleichen Umstanden ist der Werth des 


v4 . . oe . . 
—— bei der Durchsickerung grosser, als bei der horizonta- 
t 


len Leitung, und bei dieser grosser, als bei der Aufsaugung. 


3) Nach Verfluss einer grossen Zeit nimmt bei allen drei 


Ich habe ans den Zahlen, welche Liebenberg fiir Steighdhe 


des Wassers in verschiedenen Boden gefunden hat, vie fiir 


die Aufsaugung berechnet, indem ich als Zeiteinheit die Stunde 
und Millimeter als Langeneinheit wahlte. 
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AUFSAUGUNG DES WASSERS 


NACH LIEBENBERG. 
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Grober Tert. Sand. Melmlehm. Humoser Lésslehm. 
z z Sag 
Zertrt z aris z Nia Zz Woe 
Ese TOSe ||» 201.63 70 | 98.995 I 70 | 240.42 
sot. 230 || 184-78 110 | 89.813 225 | 183.7% 
Ae t. 400 | 188.56 Zils, || Om ats BBO) | 155.50 
Eitag|| 760 || *155.13 415 | 84.711 55 On |e kiee2y 
2 930 | 134.01 525 | 75.828 625 90.271 
2 IOI5 | 119.62 600 | 70.744 700 82.496 
4 1060 | 108.18 655 | 66.850 740 75.525 
5 IIOO | 109.55 710 | 64.814 780 71.203 
6 1120 93-334 750 | 62.590 790 65.834 
7 I140 87.955 780 | 60.178 810 62.494 
8 1160 83.716 825 | 59-539 820 59.178 
9 1170 | 79.609 | 855 | 58.135 | 840 57-154 
10 1175 | 75-845 | 890 | 57-449 | 850 54.867 
EL 1178 72.502 gz5. |) 56.314 860 52.930 
12 1180 69.531 930 | 54.800 870 51.265 
13 1181 66.860 955 | 54.005 580 49.829 
14 1182 65.986 975 | 53-190 8go 48.553 
15 1183 | 62.350] 995 | 52.683 | goo 47-434 
16 1184 60.142 | 1015 | 51.558 905 45-971 
Ly 1185 58.733 | 1030 | 51.008 (op de) 45.0605 
18 1186 AVetLO | 1OAO) | 50.037 gI5 44.023 
19 1187 55-500 | 1045 | 48.937 g20 43.083 
20 1188 54.230 | 1055 | 48.154 925 42.220 
asi 1189 52.961 | 1070 | 47.66r 930 41.330 
22 I1gO 51.788 | 1080 | 47.000 935 40.690 
23 IIQI 51.043 | 1090 | 46.394 940 40.009 
24 1192 | 49.667 | 1095 | 45.625 | 945 39-375 
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NACH LIEBENBERG. 


Basalt Roth. | Sandmoor. 
z gale z 

Vt z vt & Vt 

95 | 134.35 60 | 84.852 | IO |r15.56 
130 | 106.96 gO | 73.484 | 165 |134.74 
195, | QI-922 | E50 |-70:710! ||| 2710 |} 98.994 
310 | 63.278 | 265 | 54.093 | 310 | 63.278 
350 | 54-921 | 330 | 47.663 | 350 | 50.552 
370 | 43.604 | 380 | 44.783 | 380 | 44.783 
3g0 | 39.803 | 410 | 41.845 | 400 | 40.824 
410 | 37-427.) 435 | 39-710 | 410 | 37.427 
430 | 35-834 | 460 | 38.334 | 425 | 35-417 
440 | 33-647 | 475 | 36.647 | 435 | 33-561 
455 | 32-837 | 495°| 35-724 | 440 | 31-754 
70 | 33-979 | 510 | 34.700 | 445 | 30.278 
480 | 30.984 | 520 | 33.565 | 450 | 29.047 
492 | 30.280] 530 | 32.620 | 455 | 28.004 
505 29.757 | 540 | 31.819 | 460 | 27.106 
520 | 29.439 | 550 | 31.137 | 465 } 26.325 
530 | 28.914 | 560 | 30.551 | 470 | 25.641 
535 | 28.197 | 565 | 29.778 | 470 | 24.772 
545 | 27.684 | 570 | 28.955 | 475 | 24.128 
560. | 27.732 | 575 | 28:475 | 462 | 23-870 
560 | 26.943 | 580 | 27.906 | 482 | 23.191 
570. | 26.693 | 590 | 27.629 | 484 | 22.666 
580 | 26.474 | 565 | 27.158 | 485 | 22.137 
585 | 26.058 | 600 | 26.726 | 490 | 21.826 
590 | 25.676 | 605 | 26.329 | 493 | 21-455 
600. |. 25.538] G10) 25.9031 4o7 Biizaans4 
615 25.625 | 610 | 25.417 | 500 | 20.786 


Thon. 

& ie 2 
35 aes 

6 | 3.266 
10 | 4.734 
35 | 7-244 
50 | 7.222 
60 | 7.07 
7O | 7-444 
80 | 7.303 
go | 7.500 
1oo | 7.715 
110 | 7-939 
120 | 8.163 
130 | 8.3a1 
140 | 8.617 
150 | 8.839 
160 | 9.058 
170 | 9-274 
180 | 9.487 
185 | 9.397 
190 | 9.409 
195 | 9.382 
200 | 9.366 
ZOS | 9-357 
210 | 9-354 
215 | 9.356 
220 | 9.364 
225 | 9-374 
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Grober Tert. Sand. Melmlehm. Humoser Lésslehm. 
v4 a a 

Zeit t z Tas z Von z Wie 
25 1193 48.703 II0O | 44.906 g60 | 39.191 
26 LIQ4) | Ay.798 | LIO5 | 44.235 gos |) 30-03 
27 TIQ5 46.944 | I110 | 43.604 go8 | 38.027 
28 rugs | 461397 | LEIS | 43.013 O75)4| 3 7-0Lk 
29 I1gQ7 45.472 | 1i20 | 42.454 g80 | 37.062 
30 1198 44.647 | 1125 | 41.926 982 | 36.597 
31 1200 A3.994 | IE30 | 4.425 985 | 36.112 

32 1133 | 40.884 | 990 | 35.72 
33 IT40 | 40.509 | 995 | 35-356 
34 II45 | 40.083 IOOO | 35.007 
35 EV4S" | 39,00 ||| TOGO | 343503 
36 Lr52) |i 30.075 |) EOIO™ | 34.345 
37. mrss: | 30750. | L020 | 34.220 
38 NOZO ||, 34.107 
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AUFSAUGUNG DES WASSERS 
NACH LIEBENBERG. 


Basalt. Roth: 
az New Ne 
620: | 25:31n | ors 25.107 
625 | 25-020) || 620) |) 247820 
630 | 24.749 | 635 | 24.945 
635 | 24.496 | 630 | 24.303 
640 | 24.259 | 633 | 23.994 
645 ||, 24-038") 026) |) 23702 
650 | 23.830 | 640 | 23.464 
655 23.635 | 643 23.202 
660 | 23-452 1) 646.) 228955 
665 23 2170a| 1050) Ween pat 
670 || 2z71T7 O54 | 22t565 
675 22.952 | 058 al 222370 
680 | 22.819 | 662 | 22.275 
685 | 22:683)/ "605 227020 


Sandmoor. Thon 
v4 v4 

& / t s Vv t 
500 | 20.412 | 230 | 9.390 
502 | 20.096 | 235 | 9.414 
503 | 19.760 | 240 | 9.428 
504 | 19-443 | 245 | 9-451 
505 | 19.142 | 250 | 9.476 
506 | 18.858 | 255 | 9.503 
507 | 18.588 | 260 | 9.532 
508 | 18.331 | 265 | 7.562 
509 | 18.087 | 270 | 9.594 
510: | 17.854 | 275.1 19,026 
5LL | 17.631 |) 278 sose2 

280 | G52 

282 | 9.463 

285 | 9-437 
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Wie man sieht, bestatigt sich das Gesetz, dass are fiir Auf- 


saugnng mit wachsender Zeit stetig abnimmt. Weil das Zeitin- 
tervall der Beobachtung ein zu weit von einander abstehndes 
war, konnen jedock die meisten Boden nicht gut den theoretisch 


z : 
— zeigen, ausser dem Thon, 


verlangten Verlauf der Grosse ie 


bei dem eae anfangs klein ist, und dann zu einem Maximum auf 


steigt, um Zuletzt sichtbar wieder abzunehmen, ganz so, wie die 
Theorie es verlangt. Es geht ferner aus den obenstehenden Zahlen 


die theoretisch erwartete Thatsache hervur, dass die Grosse = 
A/ 


um so kleiner ist, je feinkoérniger der Boden ist, dass hingegen 


das Aufsteigen um so langer dauert, ja feinkorniger der Boden 
ist. 

Liebenberg hat auch die Durchsickerung des Wassers 
in Béden untersucht. Die von ihm mitgetheilten Daten sind 
aber nicht recht fiir unseren Zweck brauchbar. Denn Licben. 
berg hielte die Wasserzufuhr nicht constant ; er liess das Wasser 
2 Zoll hoch auf dem Boden stehen, und es durch denselben 
einschlucken. In diesem Versuch ist die Grésse Cy nicht eine 
Constante, sondern eine Function der Zeit und es ist nicht 
schwierig, die Differentialgleichung (IX) fiir diesen Fall zu in- 
tegriren. Es ist aber nicht nothig. Die Durchsickerung des 
Wassers bei diesem Liebenberg’ schen Versuche geht namlieh 
unter Druckerhohung vor sich. Denkt man sich die Zeit, 
wahrend deren das Wasser auf dem Boden steht, in kleine 
Intervalle getheilt wahrend deren C, als constant betrachtet 
werden und der Ausdruck (XII) daher angewendet werden kann. 


o(c- 1) 
Die Grosse BV ey kann dann nur ein echter Bruch 
Ca 
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sein. ; = kann folglich nur mit der Zeit abnehmen. Die 
V 


Bewegaug des Wassers muss diesen Charakter noch beim weiteren 
Verlauf der Zeit tragen, weil es sicht nicht in dem Masse schnell 
durch den Boden fortpflanzen kann, wie anfangs, wo der Druck. 
das Wasser in den Boden getrieben hatte. Die Liebenberg’ sche 
Beobachtung bestatigt es in der That 
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DURCKSICKERUNG DES WASSERS 
NACH LIEBENBERG. 
ae i), Ste [7/2 St. |r [5 St| 4 -St. | 24 St. | 48 St.| 72 St. 
Grober toe | 8a 545. ono: | 505) 575 
Diluvialsand Tt 760 | 643.76 | 437.76 | 272.5 | 113.29 | 81.551 | 67.765 
Mittelfeiner | “ |130] 140 | 182 | 200 | 290 | 320 | 350 
D:luvialsand ee 260 | 200.28} 150.32| 10.9 |59.196| 46.190] 41.248 
Feiner + |EA0) ESO 210 220 200 — | — 
Di-uvialsand It 280 274.58 |173.45| 110. | 53.071) —— | —— 
_ Grober : B20) EZON TOS |) 75) || OR, | pro |p 215 
Tert. Sand TF | 242 | 185-98 436.28] 87.5 | 39.803 | 30.312 | 25.338 
eee : gO] 115 130 143 170 180 185 
Tt 180| 164.51 |107.37| 712.5 | 34.701 | 25.981 | 21.802 
Feiner ABO | ters 130 140 160 172 182 
Tert. Sand TF 160 | 164.51 | 107.37| 7o |32.660} 24.827 | 21.448 
Porphyrboden i 85 120 130 135 52 160 162 
plank Ge Cael rers 170|171.67|107.37| 70 |31.026|23.095| 19.092 
es NO!) “125 130 I40 169 178 180 
T+ 200 | 178.82 | 107.37| 67.5 | 34.497 | 25.093] 21.213 | 
Me aioe ; 95| I10 118 125 150 155 160 
T¢ | 19° 157.36|97.463| 62.5 | 30.618 | 22.373] 18.856 
Z 
: 30 60 105 I15 I40 150 155 
ig gel 
ee TF 60| 34.171 | 86,728} 57.5 | 28.577 | 21.651 | 18.167 
B a 
Medenaieteat’ |5 60 80 100 128 140 Ly 152 
Va | 120] 114-44 2590 04. |-28.577 | 21.218)| 17.913 
Aulehm . MoeOOn = i5.0| 130: | 135 Toe) TAs 
(Untergrund) || 80]114.44/94.986| 65 | 27.556] 20.203 | 17.088 
Z ~ 
5 30 60 105 166) 128 138 IAI 
Léssleh : 
av Gi TF 60 | 34.171 |86.728| 55 | 26.127| 19.919 | 16.617 
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UBER DIE WASSEREBWEGUNG. 


DURCHSICKERUNG DES WASSERS 
NACH LIEBENBERG. 


Sa /, St. |}/ St-[p]2 St) 4 St. | 24 St.| 46° Sti7amst 
Humoser ‘ 70 75 80 I0O 128 I40 140 
Losslehm TF | 140 | 107-29 66.077 50 | 26.127 | 20.208 | 16-499 

mere ee os 86: | Teo || 120° |, 125 Daze as 
eS V7 | 120] 114-44 82.596 60 | 25-515] 18.475 | 15-321 
een S ileez© 85 100 I1O 120 125 

i VF | 140] 121-00 | 82.596] 55: | 24-494 | 18.042 | 15.321 
Awleben 35 70 100 Lae 118 122 130 
(Krume) ie 70 | 100.14 | 82.596 61 | 24.086] 17-609 | 15-321 
ee 05 80 go 100 113 118 122 
TF 130 | 114.44 | 74.336 50 | 23-066 | 17.032 | 14.378 
eee : 75 85 95 105 IIo II5 122 
WF|15° 121.66 | 78.466| 52.5 | 22-453] 16-599] 14.378 
ate ; 45 65 80 95 I0O 105 II5 
7F| 9° 92.986 |66.077| 475 | 20.412| 15-156 | 13-553 
et. ee We ia 18 20 40 Ge 80 go 
—=—| 30] 25.751|16.519| 20 |14.697| 11.547 | 10.607 
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Einer meiner Studenten auf dem hiesigen Institute, Herr 
O. Inagaki hat auf meine Veranlassung hin einige Bdéden in 
Bezug auf die drei Arten Wasserbewegung in Untersuchung 
genommen und seine Resultate sind im Folgenden zusammen- 
gestellt. 


TUFFBODEN VON KOMABA 


(Aufsaugung) 
& (Sh) Z (mn) seen 
Wt 
0.25 75 150.000 
0.50 95 134.350 
1.00 es 125.000 
1.50 153 124.924 
2.50 1gI 120.799 
3.50 223 119.199 
4.50 251 TUG 22 
5.50 274 116.834 
6.50 290 116,101 
7.50 317 I15.752 
24.50 518 104.652 
25.50 530 104.956 
20.50 539 104.705 
28.50 515) 103.961 
30.50 569 103.030 
48.50 570.5 96.278 
50.50 680 95-689 
52.50 691 95-367 
54-50 7OL 94-955 
72-50 77° 90.432 
75-50 781 89.883 
78.50 791 89.277 
96.50 844 85.917 
99 50 853 85.514 


IOI.50 858.5 85.213 
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TUFFBODEN VON KOMABA 


(Ayfsaugung) 


Korngrosse <y"m 


mm 
Korngrésse eee Korngrosse C1””| in einer kleinen 
Rohre festgefullt. 
é (St) | 2 (nm) z Zz (mn) Las 
Vt Vt 
0.083 75 260.329 173-552 52 | 180.494 
0.250 go 180.000 76 | 152.000 85 | 170.000 
0.583 IO4 136.207 II5 | 150.613 132 | 172-878 


153 | 147.020 170 163.356 


488 | 118.069 433 | 104.762 


499 | 117-345| 443-5 | PO4-2G% 
5II | 116.976] 454.0 | 103.928 


B21 |216:258) 463-0 | mOzegme 


540 |114.912| 480.5 | 102.250 


560 | 114.112] 498.0 | 101.478 


== === 612.5 94-417 
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TUFFBODEN VON KOMABA. 
{Horizontale Leitung] 
fest eingestampft. ohne Druck. 


Z 
Sie) Z (mim) ay 

0.5 33-0 46.669 
1.0 51.5 51.500 
T.5 O75 a) 55-103 
2.0 82.3 58.193 
3.0 108.5 62.642 
4.0 132.0 66.900 
5.0 153.0 68.424 
6.0 172.0 70.219 
7.0 199.5 72.002 
23.9 416.0 86.742 
24.0 427.0 87.161 
25.0 437.0 87.400 
26.0 447.5 87.762 
28.0 468.0 88.444 
30.0 488.0 89.096 
48.0 635.0 gr.654 
50.0 648.5 On. 712 
52.0 662.5 91.872 
54.0 676.5 93.126 
72.0 789.5 93-943 
75.0 806.0 93.069 
78.0 823.0 93.186 
96.0 920.0 93.466 
99.0 936.5 94.122 
IOI.0 947.0 94.230 


5. 
TUFFBODEN VON KOMABA. 
(Aufsaugung) 
fest eingestampft, ohne Druck. 
Zz 
PGs) Z (mim) ae 
0.167 29 70.964 
0.417 55 85.171 
0.667 75 91.833 
1.167 105 Q7.197 
1.667 133 103.01I 
2.667 181 104.709 
3.667 203 106.008 
4.667 231 106.928 
5.667 254 106.698 
6.667 276 106.892 
7.667 297 107.261 
24.667 498 100.270 
25.067 510 100.666 
26.667 519 100.503 
28.667 535 99.922 
30.667 | 549 98.776 
48.667 650.5 93.246 
50.667 660.0 92.722 
52.667 671.0 92.460 
54.667 681.0 92.105 
72.067 750.0 87.982 
75.067 761.0 87.484 
78.667 TOTO 86.928 
96.667 824 83.808 
99.667 833 83.439 
101.667 838.5 83.160 
192.667 | 1019.0 73.413 
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TUFFBODEN VON KOMABA 


losegefillt. ohne Druck. 


{Aufsaugung. ] 


TUFFBODEN VON KOMABA 
(Horizontale Leitung) 
losegefullt ohne Druck. 


z 

t (St) Z (mm) t (Sd) (z mut) ae 
0.167 65 0.5 42 59.397 
0.417 110 1,0 72 72.000 
0.667 135 1.5 IOI.5 82.874 
1.167 173 2.0 128.0 90.510 
1.667 205 3.0 175.0 | TOx,086 
2.667 250 4.0 216.5 108,250 
3.667 287 5.0 256.0 | 114.487 
4.667 318 6.0 292.0 | 119.208 
5.667 340 EO 326.0 129.216 
6.667 362 : 
7-667 | 379 

24.667 553 

25.667 | 560 

26.667 | 566.5 

28.667 578.5 

30-667 589.5 

48.667 | 664.0 

50-667 | 671.0 

52.0607 | 677.0 

54.667 684.0 

72.067 729.0 | 

75-067 735-0 

78.667 741.0 

96.607 | 774.5 

99.667 780.5 | 

101.667 | 784.0 | 

192.067 g00.0 

266:007 |) 972.0 | 


UBER DIE WASSEKEBWEGUNG. 


TUFFBODEN VON KOMABA 


' Horizontale Leitung ohne Drnck. 


z 
EGS) (mm) aT wT 
1.500 48.0 39.192 
4.167 107.0 52-417 
21.167 288.5 62.707 
28.667 355-5 66.397 
49-667 | 494.5 70.167 
70.667 603.5 FEFOU 
71067 609.0 71.938 
G Beh) 618.5 72.307 lose gefiillt. 
74.107 624.5 72.515 
ZetOg, 630.0 72.005 
75.067 7 638-0 72.7°70 
97.667 729.0 73-795 
98.667 734-0 73-894 
118.167 810.5 74.500 
120.167 819.0 PART Ma2 
22.007. | 828.0 74.912 
123.167 832.0 74.9608 
0.5 10.0 14.142 
Lo 16.0 16.000 
23.0 185.0 37.697 
24.0 IgI.5 39.090 
4355 277-0 AT999 
45-5 286.0 42.399 
47.5 297.0 43-093 festeingestampft. 
48.5 302.5 43.436 
93-0 528.0 54-751 
95-0 538.5 55-249 
118.5 643.5 59.114 
143.0 740.5 61.924 
164.0 816.0 


63-719 


5+ 
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HORIZONTALE LEITUNG UNTER DRUCKERHOHUNG. 


Undergrundlehm 
yon 
Komaba. 


Clay 
aus der Provinz | 
Shinano, 


Clay 
aus Gumma-Ken 


Kreis 


Le 
aus dem 
Nitta. 


hm 
Waizen- 


feld in KOtsuke. 


Clay-bodem 
aus der Provinz 
Echizen. 


x 


wel F 


y 


VE 


ba 
a 


Mt 


ye 


Vt 


Vt 


28.0} 


a el 
. 


224.5] 


.0/70.422 
570.332 


.5 08.416 


168.930 
.0167.918 
.0|69.000 
.0|70. 301 
-O/7I.014 
.0171.852 
.0|72.811 


-0|74.246 
-0}74.631 


173-943 
-5|73-896 
"735799 


0-€)73-139 
-0\72.896 
.0/72.746)2 
.0|72.674 


-5172.518/230.5 
.0|72.425 
.0|72.378/246.3 
Ola 7 71 
.2|71.401 
.0|71.030 


(69.835/3 
(69.755)3 
.0|69.456 


fe) 


69.379 


7-175 


Oman Om 


73.855 


74-709 
74-478 


L77°5 
185.5 
193.0 
200.0 
207.0 


73-499 


72.404|223.5 


79-993 


70.148 
70.046 


68.971|346.5 


99-123 
96.129) 
96.166 
97-367 
(93.060 
.0|93.000 
-5,93-969 
.5194.830 
T10.5/95.122 
5194-112 
.0|93-796 
93-092 
393-943 
AOI 33 Si5 
.0|92.376 
92.291 
g2.696 
ees) < 
92.714 
92.582 
92-573 
.0|92.665 
5191-788 
ote 
Oia 94 
O|QI.OIs 
GO2952 
90.686 
89.336 
89.033 
89-334 
89.252 
89.365 
308.5/89.056 
.0|89.068) ; 
.5|88.32C} - 
87.929 
87.734 
87.541 


| 


327.0 


160.215 
.5|146.371 
-0'138.396 
-5|135-287 


-O|107.964 
-5|L07.080 


35-0 
47-0 
56.0 
63.0 
7A.@ 
77-9 
85.0 
90.0 
97.9 


198.226 


133-000 
131.464 
128.605] 
124.107 
121.610 
118.537 
116.673 
LIS255 
TL teas 


106.0 
III.O 
118.5 
126.5 
135-0 
1428 
105-752 
104.250 
104.003 
103.460 
TOT.g65 
100,892 
99-980 
98.592 
97-552 
97-212 
95-827 
g4.222 
93-973 
91.979 
90.915 
89.711 
88.919 
87.757 
86.680 
85,801 
94-12 2)205-5 
83.817/300.0 
82.614/307.3 


163.0 


175-5 
182.0 
188.0 


201.0 
205.0 
216.5 
226.0 
235-3 
243°5 


260.0 
267.0 
2735 
281.0 
287.5 


86.724 
81.406 


79.196 


77-159 
TT fda, 


77-000 
78.693 
77-942 
79.200 


101.5|78.621 
78.286 
78.489 
77-576 


77-405 
77-942 
77-941 


150.0,78.335 
157-0:78.500 


78.303 


169.5|78.463 


78.486 


78.808 


78.976 


I94.0)79.20C 


79.809 


79 396 
79.948 


797993 


79-927 
79-704 
252.5|79-847 
79.607 
79-402 
78.953 
78.953 


78.735 


78.441 
78.334 
77-037 


188.311 
154-153 
143-543 
135.946 
132,001 
130.000 
128.687 


76.0 

8g.0 
Lomi 
18 81S) 
120.5 
130.0 
139.0 
148.0 
154-5 
160.0 
166.0 
172.0) 
183.0 
194.0 
202.5 
211.0 
218.0 
225.5 
236.0 
240.5 
247.0 
253°5 
259-5 
265.0 
270.0 
275°5 
289.0 
298.0 
397-5 
314-5 
322.7 
331-5 
340.0 
348.0 
354°5 
361.0 
367.0 
3/323 
383.0 


126.149 
123.934 
122.599 
121.022 
119.802 
118.799 
116.913 
115.509 
113 846 
112.750 
spate 7/51 
EI132g 
110.462 
109.769 
109.O1I 
108.186 
107.287 
106.700 
106.720 
105-359 
104.452 
102.944 
102.046 
IOI.499 
LOI.1II 
LOI.459 


99-695 
98.864 


98.085 
97.526 
96.762 


128.172) 
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HORIZONTALE LEITUNG UNTER DRUCKERHOHUNG. 


Undergrundlehm Clay Clay Lehm Clay-bedem 
von aus der Provinz aus Gumma-Ken aus dem Waizen- aus der Provinz 
Komaba. Shinano. Kreis Nitta. feld in KOotsuke. Echizen. 


Zz 
VE 


x 


> 
ie} 
R 


280.0,68.585|357-087.446| 333.2) 81.617/315.3/77-231| 392-0] 96.020 
287.068.360)365.086.938) 339-5] 80.865)323.577.053| 401.0) 95.512 
293.7/67-977/372.5}86.216| 345-5} 79-967/330.5\70.494) 408.5) 94-547 
300.067.647/381.0185.913| 351-5] 79.261|338.0/76.217| 416.0] 93.804 
306.067.310)389.0185.568) 357.5) 78-.639)345.0175.889| 423-5] 93.156 
311.5}60.922/397-585-398) 363.5) .78.993/352-0\75.622) 431.2 92.638 
316,5/66.478)404.084.856| 369.5] 77-610358.075.194| 438.5] 92.103 
322.506.291/412.084.689 375.0| 77.083|364.0174.839) 445-5] 91-575 
327-0/05.840/420.5 34.666 380,0| 76.511/370.074.498} 452-7] 91.149 
332-5}65.630|428.584.579) 385.0) 75-993375-574-118 400.0) 90.797 
338.065.453/434-584.140| 391.0] 75.716)381.5}73.877| 467.0} 90.434 
430-5,61.710)558.079.986) 488.0) 69.952482.069.092, 595.5, 85.362 
438.5,61.604567.079.656, 497.0, 69.821/490.068.839) 606.0) 35.135 
447.001.594'578.7,79.741, 508.0) 69.999499-068.759 618.0, 85.157 
450.5}61.742/590.0,79.797| 519.5] 79.262/508.068.707| 630.0) 85.207 
517-0\61.0701672.0\79.380} 592.0] 69.929/573.3/67.720) 717.0] 84.695 
523-5/00.993 680.0/79.226| 601.5] 70.081/581.0167.692) 7260.0) 84.586 
531.061 .044'689.079.208) 608.5) 69.954|589.067.713| 736.0) 84.612 
537-5/00.990)6g9.0)79.316| 615.5] 69.841/596.067.629| 742.5] 84.252 
599.0/60.611/778.0/78.724| 683.5) 69.161/659.066.682) 834.5] 84.441 
723.0160.111/936.5)77-861| 821.0) 68.259\782.065.016 1008.5) 83.848 
779-0|59-982\999.0|76.922| 888.5) 68.414/835.5164.333| — = 
— | — | 949.5) 68.406\881.563.507, — = 
881.0)59.852, — | — |1006.0, 68.344\927.062.977, — —s 
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TUFFBADEN VON KOMABA. 
HORIZONTALE LEITUNG UNTER DRUCKERHOHUNG. 


| EASE) z (mm) SN ar | 
0.167 53.5 130.917 
0.333 64.0 110.907 
0.500 72.5 102.530 
0.667 9-5 97-343 
0.833 84.0 92.036 
I.COO 88.5 88.500 _ 
1.167 g2.0 85.163 
1.333 96.0 83.149 
1.500 98.5 80.425 
1.667 102.0 79.001 
1.833 105.0 | 77-554 
2.000 108.0 | 76.367 
2.353 113-5 | 74-308 
2.667 | I1g‘0 72.868 
3.000 124.0 71.591 
3+333 128.5 70.383 
| 3-667 133.0 | 69.454 
4-000 137-5 68.750 
| 4.333 | T4¥.5 67.977 
| 4.667 | 145.0 67.119 
5-000 148.5 66.411 
5-333 152.0 65.818 
5-667 156.0 65.531 
| 6.000 160.0 | 65.320 
| 6.333 163.0 64.809 
| 6.667 | 166.5 | 64.483 
7-333 172.5 63.700 
8.000 177.0 | 62.579 
8.667 182.5 | 61.999 
9-333 187.0 61.211 
10.000 192.5 60.874 
10.667 197-0 60.318 
11.333 201.5 59-855 
12.000 206.5 59.611 
12.667 210.0 59-004 
| 13-333 ZIAD | 58.662 
14.000 218.0 58.263 
14.667 221.0 57-706 
15.667 226.3 57-173 
16.667 232.0 56.828 
17.667 236.0 56.212 


18.667 341.0 55-780 


UBER DIE WASSEREBWEGUNG. 


TUFFBADEN VON KOMABA. 


HORIZONTALE LEITUNG UNTER DRUCKERHOHUNG. 


Sim 


t (St) z (mm) = 
19.667 240.0 55-471 
20.067 250.5 55-102 
21.667 255.0 54.782 
22.667 259-5 54.505 
23.667 263.5 54.164 
24.667 207.5 53.860 
25.067 2720) 53-688 
26.667 276.0 53-447 
48.667 347.0 49.741 
50.667 35355 49.662 
52.067 360.0 49.606 
54-667 367-5 49-704 
71.667 414.0 48.904. 
73.667 419.9 48.818 
75.067 424.5 48.801 
77.067 429-0 48.679 
97.667 476.0 48.165 
144.667 509-9 47.307 
168.667 613-0 47.200 
192.667 651.0 46.gCO 
216.667 689-5 46.842 
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QUARZSAND. 
(Horizontale Leitung.) 
Unter Druckerhohung. 


za 


t (Sf) z (mim) Naw 
0.167 330 807.524 
0.333 430 | 745-154 
0.500 510 721.249 
0.667 580 710.350 
0.833 640 7OI.099 
I.COO 7CO 700.000 
1.167 750 694.385 
1.333 805 697.158 
1.500 855 698.104 
1.667 goo 697-130 
1.833 930 686.857 
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59 
(Tabelle 1) TUFFBODEN VON KOMABA. 
Horizontalleitung nach O. Inagaki. 
Ohne Druck. 
F s a 
eee enimcen | hae tea ce 
0.25 75 63.500 
0.75 62.25 71.880 
5 94.50 Caeste: 
2.5 129-25 81.740 
ae 1560.75 52.865 
4-5 179-75 84-735 
sO 265,.0* 83.801 83.801 O 
17. 361.75 87-757 86.924 =01833 
19.5 389.5 88.205 87.629 —0.576 
20.5 400.25 88.400 87.860 —0.540 
21.5 410.5 88.530 88.099 =O.A31 
22.5 420.5 88.651 88.314 = O17 
24.5 440.25 88.943 88.713 —0.230 
32-5 510.75 89.592 89-915 +0.323 
40. 574-25 90.707 90.707 o 
44. 604.25 90.885 91.048 +-0.163 
46. 618.75 91.237 91.204 | 0,033 
48. 633-50 91-447 91-379 —0.088 
59: 685-75 gt .648 91-853 +0.205 
64 766.25 92.032 92.255 +0.223 
66 747 63° 92.236 92-345 +0.109 
68. 758.88 g1.988 92.432 +0.443 
79-5 772-75 92.049 92.530 +-0.481 
78, 820°75¢ 93-616 93.61€ O 
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UBER DIE WASSEREBWEGUNG. 


(Tabelle I) TUFFBODEN VON KOMABA. 
Horizontalleitung nach O. Inagaki. 
Ohne Druck. 

Vv t Differenz. A) ie Differenz. Vv t 
Nach (B) Nach (C) Nach (D) 
80.290 — 3.511 84.257 —0.456 83.796 
84.903 — 2.854 87.173 —0.584 88.727 
iNest 8 ll lp a Merete 87.835 O37 89.520 
eee |S eee 88.062 —0.338 89.842 
Fee ame mel @ dorian’ 88.278 —0.258 g0.0g0 
86.964 — 1.687 88.475 — 0.055 90.315 
87.545 — 1,398 88.843 -+0.100 g0.500 
89.327 —0.265 89.969 +0.377 91.846 
90.499 —o.2c8 90.707 fo) 92.374 
gI.OCO —O.IT5 QI.025 +0.140 92.609 
QI.231 —cC.c06 QI.I70 —0.c60 92.710 
QI.447 O 91.330 —O.117 92.803 
92.190 +-0.542 OL.774 +0.126 93-107 
92.790 +0.758 92.155 ac Onle2 93-334 
92.921 +0.685 92.236 O 93-382 
ree as a, IA mmadccots hi Astostem 93-427 
93.196 = TSLAGE Nl te erdsnaeactenengl Ua = cobheee 93-471 
93.616 fe) 92.703 —0.913 93-617 
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(Tabelle 1) TUFFBODEN VON KOMABA. 
Horizontalleitung nach O. Inagaki. 
Ohne Druck. 
Differenz. t 


Si 
Nach (EF) 


—0.005 
+0.967 
+ 1.315 
Tea, 
+1.560 
+1.664 
11-557 
“F 2.354. 
+1.667 
+1.724 
TI-473 
+1.356 
+1.660 
+ 1.302 
+1.146 
1.439 
A 22 
+ 0.001 


82.351 
87.380 
88.235 
88.515 
88.768 
88.996 
89.393 
90:477 
gI.030 
QI.324 
gI.419 
91.965 
g1.830 
92.061 
92.120 
92.155 
92.209 
92.347 


re 
— 0.377 
+ 0.030 
sip Oplielary 
+0.238 
10.345 
0.450 
+0.385 
+0.373 
10.439 
—o.182 
+0.518 
+0.182 
+ 0.029 
—O.II5 
+0.167 
—0.140 


—1.269 


, 98.4492 
[A ~ 
Vv t @ ab 0.38259 
Vv t 
m rong es 
[BE Mi 
vt ae 0.38259 
vt 
97 je 
(ej ae 
aD ae 0.38259 
yt 
[D] 747-445 + 
2 9200. 
af (47-445) — 
[E] 7 p= 40819 + 


a] 46.819)? 2290 
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TUFFBODEN VON KOMABA (TABELLE II) 
DURCHSICKERUNG OHNE DRUCK. 


t z a 
_ Mae Differenz. 
Stunden |Millimeter Vv t erechinet 
0.033 28.0| 153-44 
OLY 42.0| 122.79 
0.200 56.0] 125.51 
0.283 68.0| 127.86 
0.367 78.0 | 128.23 
0.450 87:0| 129.69 
0.617| 103.0| 130.81 
0.783 | 117-5| 120.56 
0.950| 131-5| 134-92 ee 
I.117| 144.0] 136.25 189475 == 
1°367| 1r61.0| 137-70 Jo Vv t 
1.617| 175.5 | 138-01 WE 0.2896 
1.950| 194.5| 139-28 Te We/aee 
2.283| 213.0| 140.97 
2.617| 230.0| 142.18 
2.950| 244.0] 142.06 
3.450| 265.0| 142.67 
3.950| 287.0] 144.41 
4-450] 305-5] 144.82] 134.92) —9-90 
4.950| 324.0} 145.63] 134-44 —8.19 
5-450 41.5 | 146.28 | 139.64 — 6.64 
5.950| 357-5| 147-50) 141-55, — 5-01 
§.450| 374.0| 147.26] 143.28 — 3.98 
6.950| 389-5| 147-75| 144-81 — 2.98 
7.450| 404.0| 148.01 TAO-28 | — £73 
7.950| 418.0| 148.26] 147-45 —o.81 
8.450| *432.0| 148.61 | 148.61 O 
23.950| 806.0| 164.69) 164.75 +0.06 
24.950 | *823.5| 164.86| 164.86 fe) 
25.950| 835.0] 163.92] ...+.++- 
26.950| 846.0] 162.97 
27.950| 857.0] 162.11] ....-... 
28.950| 867.0] 161.14 
29.950| 876.0| 160.16 
30.950| 886.0) 159.25 


(Tabelle IV) 
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TUFFBODEN VON KOMABA. 


(Aufsaugung.) 


eingepresst. 


I} 53 53-000 
2 88 62.224 
2 || ac(oio) 62.932 
4 | 135 67.500 
5 | 148 66.187 
6 | 164 66.951 
22 | 415 88.479 | 104.990| +16.511 
23 | 416 86.740 
Zhe ALE, 85.120 
25 | 424 84.801 
26 | 430 84.330 
27 | 436 | 83.909 
28 | 437 | 82.585 
29 | 440 | 81.705 
47 \ 493 (Ose 
48 | 494 | 71-303 
49 | 495 | 79-714 
BOM SOX 70.851 
5I | 512 | 71.693 
Bante) 72-279 
DS uledLo 79-741 
BAe SL eeile oO 
wt | 550 65.272 
72. 552 || 05,053 
73) 554 | 64.841 
74 | 558 | 64.865 
75 | 560 | 64.664 
76 | 563 64.580 
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Durchmesser der GlasrOhre=o.61 Cm. 
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(Tabelle 1V) TUFFBODEN VON KOMABA. 
(Aufsaugung.) Durchmesser der Glasr6hre=0.61 Cm. 
eingepresst. 
Ape z a 
~E| x E a Vt | Differenz 
e = Berechnet 
77 | 504 | 64.274 
78 | 566 65.580 
95 | 604 61.970 
96 | 605 61.748 
97 | 607 61.631 
98 | 608 61.416 
gg | 609 61.207 | 65.671 | +4.464 
119 | 681 62.427 | 62.444 | +0.016 
120 | 683 62.349 | 62.306 | —0.043 
r2r | 684 62.182 | 62.166 | —o.016 
122 | 685 62.017'| 62.034 | --0:017 
123 | 686 61.604 | 61.840 | +0.236 
124 | 688 61.785 | 61.760 | —0o.025 
125 | 089" || 6n.625 | 161:0335|| 7-0:008 
126 | 690 61.469 | 61.482 | +0.013 
143 | 7IZ | 59.457 | 59-493 | --0.036 
TAA S72 59-333 | 59-385 | 40-052 
145 | 713 | sg2rz | 59-280 | +0.069 
146 | 715* | 59.174 | 59-174 O 
147 | 720 59.384 
148 | 740 60.808 
149 | 751 61.580 
150 | 763 62.299 


UBER DIE WASSEREBWEGUNG. 65 


Herr Inagaki hat die Druckerhéhune bei der horizontalen 
Leitung and Durchsickerung dadurch vermieden, dass er das 
Wasser nicht unmittelbar in die mit dem Boden gefiillte Rohre 
einfliessen, sondern er zuerst durch eine dicke Schichte feinen 
Quarzsandes aufsaugen liess, and dieselbe mit dem in Unter- 
suchung befindlichen Boden in Bertihrung brachte. 

Wie man sieht, bestatigen sich die theoretischen Schlussfolge- 
rungen auf eine Weise, die wenig zu wiinschen tibrig lass}. Fast 


z 
ohne Ausnahme ist die Grosse WG. De! allen drei Arten Wasser- 


bewegung zuerst entschieden klein, und steigt dann mehr oder 
minder langsam auf. Sie wachst bei der Aufsaugung zu einem 
Maximum, um dann bestaéndig abzunehmen. Anderes aber bei 
der horizontalen Leitung und Durchsickerung; die Grosse 


POEs nimmt dann stetig zu, wenn die Wasserzufuhr nicht 


unter Druckerhohung stattfindet ;—unter Druckerhdhung steigt 
Zz 


Tage eniem Maximunr auf, und nimmt von da stetig ab. 


Selbst der grobkérnige Ouarzsand  gehorcht unverkennbar 
diesem Gesetz, ungeachtet der geringen Anzahl der Beobach- 
tungen, die man hatte machen kénnen. 


Zz 
Der Werth der Grosse ae wird dabei durch das Einstampfen 


des Bodens d. h. durch die Verringerung des Querschnittes der 
capillaren Hohlréume auffallig deprimirt und ist im Allge- 
meinen um so kleiner, je feinkérniger der Boden ist. Die 


z 
Grosse,7—- ist ferner unter iibrigens gleichen Umstanden kleiner 


fiir die Aufsaugung, als fiir die horizontale Leitung, und fir 
diese wieder kleiner, als fiir die Durchsickerung—alles ganz so 
wie wir theoretisch gefolgert haben. 


a 
Nun verlangt die Theorie, dass,7—= auch bei der horizontalen 
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Leitung und der Durchsickerung ohne Druckerhéhung nach dem 
Verlauf grésserer Zeit wieder anfange, abzunehmen. Bei der 
Durchsickerung im Tuffboden von Komaba, nach Herrn Inagaki 


Zz 
Versuch nimmt ae in der That gegen das Ende der Beo- 
bachtungsreihe wieder ab,—es ist aber héchst bedenklich, an- 


y 
A 


zunehmen, dass das Maximum der wt bei der Durchsickerung 


schon bei dieser verhaltnissmassig kieinen Distanz von der Flache 
der Wasserzufuhr bereits erreicht sei. Beider horizontalen Lei- 


ys 


a . 
tung ohne Druck konnte eine Abnahme der Grosse Pare nicht 


constatirt werden, wahrscheinlich, weil die Lange der zur Un- 
tersuchung gebrauchten Rohre dazu zu kurz gewesen war. 
z 

Um den Verlauf der Grosse v7 itr die drei Arten Wasser- 
bewegung im Boden etwas genauer zu verfolgen, habe ich zwei 
Boden in Untersuchung genommen.—der eine war der magere 
stark eisenhaltige Tuffboden von Komaba und der andere ein 
sowohl durch Fruchtbarkeit als durch die Gleichmassigkeit 
der Korngrosse ausgezeichnter lehmiger Sandboden aus der 
Provinz Mito. 
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(Tabelle III) TUFFBODEN VON KOMABA. 
(Aufsaugung.) Dnrchmesser der Glasréhre=1.61 Cm 
losegefiillt 
: Bi TF betechnet Differenz 
Stunde Millimeter vt nach (A) 

I 2) 55-000 

2 96 67.881 

3 II5 66.396 

4 139 68.500 

5 I51 67.529 

6 169 68.994 
22 416 88.671 
23 417 86.950 
24 418 85.324 
25 430 86.001 
26 436 81.643 
27 438 82.368 
28 444 83.908 
29 447 83.006 77-775 cos 
47 504 73.510 71.702 —1.814 
48 507 F27Q 71.519 — 1.660 
49 510 72.857 71.246 —1.611 
50 5II 72.205 71.041 —1I.041 
51 512 71.694 70.814 —o.880 
52 514 TE27@ 70.606 —0.673 
53 516 70.878 70.404, —0.474 
54 518 70.490 70.207 — 0.383 
7a +: 574 68.121 67.513 —0,.608 
72 575 67.704 67.389 —0.375 


Za. * 577 67-534 67.288 —0.256 
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(Tabelle III) TUFFBODEN VON KOMABA. 
e (Aufsaugung.) Durchmesser der Glasréhre=1.61 Cm. 
losegefullt 
2 b h , 
Vt | Differenz : 
nach (B) ; 
97-882 +9.211 
80.990 +7-474 
v2 | ; ; 
73.928 | +5,.807 48.213 4S 
z 
Gb ce Aas Allie 8 
i 40-383 
a ore CPAT ob a 
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(Tabelle III) TUFFBODEN VON KOMABA. — 
ae (Aufsaugung.) Durchmesser der Glastéhre=1.61 Cm. 
losegefiillt - 
Y z , ee recanet 
ene Differenz 

Stunde Millimeter 5 nach (B) 

he 580 67.423 67.138 —0.285 

75 y 583 67.316 67.018 —0.298 

76 584 —1 , 66:988 66.922 —0.066 

77 586* 66.781 66.781 fe) 

78 588 66.578 66.664 +0.086 

95 634 65.049 65.483 +0.434 

96 637 65.013 64.935 —0.065 

97 639* 64.880 64.853 —0.027 

98 641 64.750 64.750 Om 
eG 731 67.010 - 
120 732 66.822 

121 734 60.757 

LZ 736 66.635 

123 738 66.543 

124 739 66.364 

125 740° 66.187 

126 741 66.013 

143 770 64.390 

144 771 64.249 

145 773 64.193 

146 775, 64.140 

147 781 64.415 

148 782 64.281 

I49 784 64.227 

150 785° 64.094 
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(Tabeile 111) TUFFBODEN VON KOMABA. 
(Aufsaugung.) Durchmesser der Glasrohre=1.61 Cm 
losegefullt 
—*__berech 
iit aed Differenz 
nach (B) 
r 41.407 +3735 
B aaa 
ari aaa 
Ne 

70°238 +5.189 
69.268 + 4.518 
66.780 — 0.230 
66.675 —0.147 
66.576 —0.179 
66.475 —0.160 
66.379 — 0.164 s 
66.278 — 0.086 
66.187 fo) 
66.085 +0,072 
64.623 +0.233 
64.543 +0.294 


64.460 +0.267 
64.305 +0.225 


64.313 —0.102 
64.236 — 0.045 
64.164 — 0.063 


64.094 fe) 
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(Tabelle V) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Aufsaugung) Durchmesser der Rohre=1.43. Cm 
losegefullt 

pi we mae ypberechnet Difterenz 
I 64.0 64.000 
2 99 70.003 
3 12 7E5Or 
4 143 71.500 
5 160 71-553 
6 L74 71.035 
Ui 186 72.509 
8 192 67.881 
25 331 66.200 
26 Ban 65.698 
27 342 65.819 
28 348 65.766 
29 354 65-736 
30 358 65.361 
31 365 65.550 
32 378 66.821 

49 439 62.714 74.070 +11.356 
50 441 62.366 
51 444. 62.075 
52 448 62.127 
53 452 62.087 
54 455 61.918 
55 460 62.027 
56 404 62.005 
73 513 60.043 
74 510 59-985 
iis 519 99-929 
76 523 59-991 
Oh 527 60.058 
78 529 59-898 
79 532 59-855 
80 534 59-704 
97 571 57-977 
98 Svs 57-880 
99 576 57-890 

100 578 57.800 62.742 + 4.942 
IOI 580 57-712 
102 582 57.626 
146 660 57-747 
661 54.518 
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(Tabefle V) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Aufsaugung) Durchmesser der ROhre=1.45- Cm 
losegefullt 
t 2 2 
Stunde] Mm | 4/ ¢ 
148 | 662 | 54.416 as ga4pceees 
149 | 665 | 54-478 BTN wae 
150 666 54.378 J t Pech) 
151 | 668 | 54.361 are 
152 | 670 | 54-344 
153) | O72) 154-327 
170 | 693 | 53-150 
171 | 699 | 53-072 
172 | 696 | 53-070 
173 | 697 | 52-992 
174 | 698 | 52-939 
175 | 699 | 52-840 
176 | 701 | 52.840 
177 | 703 | 52-840 | 53-685 | +0.845 
194 | 720 | 51-693 | 52.448 | +0.755 
195 | 721 | 51-641 
196 | 723 | 51-644 
197 | 724 | 51-583 
198 | 725 | 51-52 
199 | 726 | 51-465 | 52.112 | +0.647 
200 | 728 | 51.478 | 52050 | +0.572 
201 | 729 | 51-420 |] 51.983 | +0.573 
218 | 746 | 50-593 | 50.947 | +9.354 
219 | 747 | 50-478 | 50.894 | +0.416 
220 | 748 | 50.429 } 50.835 | +0.406 
221 | 749 |, 50-383 | 50.776 | +0.393 
222 | 750 | 50.336 | 50.722 | +0.386 
223 | 751 | 50-291 | 50.667 | +0.376 
224 | 752 | 50-246 | 50.614 | +0.368 
225 | 754 | 50-207 | 50.559 | +0.292 
242 | 770 | 49-497 | 49.676 | +0.179 
243 | 771 | 49-459 | 49-627 | +0.168 
244 | 772 | 49-423 | 49-582 | +0.159 
245 | 773 | 49-385 | 49-532 | +0.156 
246 | 774 | 49-348 | 49.481 | +0.133 
247 | 775 | 49-297 | 49-427 | 10.202 
248 | 776 | 49.276 | 49.393 | +0.117 
249 | 777 | 49-249 | 49-343 | 10-103 
206 | 79r | 48.501 | 48.58z | +-0.080 
267 | 792 | 48.470 | 48.538 | +0.068 
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(Tabelle V) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Aufsaugung) Durchmesser der R6hre=1,43, Cm 
losezefullt - 

ae ae ra —~berech net] Differenz 
268 793 48.439 48.494 +0.055 
269 794. 48.410 48.454 +0.044 
270 795 48.383 48.413 + 0.030 
271 796 48.364 48.369 +0.005 
gu 828 46.72 46.771 +0.044 
Bia5 829 46.70 46.736 +0.027 
316 830 46.692 46.707 +0.015 
Ba 831 46.673 46.686 +0.013 
318 832 46.656 46.639 —o.018 
319 833 46.639 46.605 —-0.034 
320) 834 46.62: 46.571 —0.052 
321 835 46.696 40.555 —0.041 
338 847 40.070 46.013 —9.057 
339 848 46.057 45.987 —0O.170 
340 849 46.044, 45.950 — 9.088 
341 850 46.030 45.925 0.105 
342 851 46.017 45.895 O12 20 
343 852 46.003 45.865 0.136 
344 853 45-991 45.840 —9.151 
345 854 45.978 45.8¢9 —0.169 
362 864 45-411 45-333 —9.077 
363 865 45-412 45-312 —0O.100 
364 866 45-391 45.277 —O.1I4 
365 867 45.381 45-253 =—0.128 
3606 868 45-371 45-244 =O, 
367 669 45.302 45.198 —0.174 
368 869-5 45.326 45-174 0.152 
369 870.0 45-291 45-144 = Ome 7 
410 894.° 44.152 44.152 O 
AIL 894-5 HAL 22) 44.129 -+0.007 
412 895- 44.093 44.110 HEOLOL7 
413 896. 44.090 44.088 = O1002 
414 896.5 44.0601 44.071 +0.010 
415 897 44.032 44.043 +0.011 
416 898 44.028 44.019 —-0.009 
417 899 44.024 43-998 —-0.026 
434 gos 43-586 43-039 +0.053 
435 908 43-536 43.622 + 0.086 
436 (ope) 43-581 43-591 + 0.010 
439 git 43-579 43-574 BOOS 


(Tabelle V) 
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LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Aufsaugung) 
losegefulit 


Durchmesser der Rohre=z.43. Cm 


t V4 4 z . 
Sande nae ea —7pereciinet Differenz 
138 QII.5 243-553 43-553 O 
439 gi2 43:527 43-532 == 01085 
482 931 42.406 42.723 +0.317 
483 931-5 42.385 42.704 -+-0.319 
484. 932 42.305 42.686 +0.321 
485 933 42.305 42.668 + 0.303 
486 934. 42.307 42.649 +0.282 
487 934-5 42.347 42.037 +0.299 
488 935 42.325 42.019 +0.294 
489 936 42.328 42.601 +0.273 
5CI 943 41.922 42.316 +0.384 
5°97 943-5 41.903 42.299 +0.396 
508 4A 41.883 42.282 +0.399 
509 g44 41.564 42.205 +0.401 
510 945 11.846 42.248 +0.402 
sate 946 41.84 42.232 +0.386 
512 947 11.852 42.215 +0.463 
513 947-5 41.883 42.199 +0.366 
530 953 41.395 42.029 +0.624 
531 953-5 41.378 41.916 0.538 
532 954 41.362 41.903 +0.541 
533 955 41.366 41.890 +0.524 
534 950 41.370 41.875 +0.595 
535 950.5 41.352 41.860 +0.508 
536 957 41.336 41.844 +0.505 
537 957-5 41.319 41.828 +-0.509 
554 964 40.957 41.578 +0.621 
555 965 40.962 41.505 +0.634 
550 965.5 40.946 41.552 +0.606 
557 966 40.931 41.536 +0.695 
558 gb7 40.930 41.521 +0.585 
559 968 40.941 41.509 +0.5608 
500 968.5 40.927 41.494 +0.507 
561 969 40.911 41.479 +0.567 
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(Tabelle VI) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Aufsaugung) Durchmesser der ROhre=o.77 Cm» 


eingepresst. 


t z Zz 
Stunde | mm Wh ae 

I 64 64.000 

2 98 69.296 y 23.422-+408 a4 
3 124 71.591 == x 
il 144 72,.000 ae 7 -0:435 
5 162 72.448 a/ t 
6 175 | 71-443 

Uh 183 69.167 

8 194 68.588 

25 332 66.400 

26 347 68.053 

27 | 352 | 67.742 

28 358 67.055 
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(Tabelle VI) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Aufsaugung) 


eingepresst. 


Durchmesser der RGhre=o.77 Cm. 


det oe | au os j —berechnet Differenz 
149 662 54.232 
150 664 54.215 
I51 666 54.108 
Ivey 667 54-102 
153 668 54.004 54.308 +0364 
170 687 52.090 52°830 +0.140 
171 689 52.689 52.747 +0.058 
sy 2 690 52.015 52.665 +0.050 
173 691 52-530 52.584 +0.048 
174 693 52.530 52.502 —0.034 
175 694 52.462 52.422 — 0.040 
176 695 52.387 52.342 — 0.045 
177 697 52.389 52.264 —0.125 
194 712 Erect 51.012 —0.107 
195 713 51.059 59-944 —O.TES 
196 pe 51.000 50.872 —0.128 
197 715 50.942 50.804 —o.138 
198 710 50.884 50.739 —0.145 
199 Fai 50.826 50.673 —0.147 
200 718 57.770 50.603 —0.107 
2C1 719 50.714 50.538 —0.176 
218 734 49.733 49.489 — 0.224 
219 735 49.067 49-435 — 0.232 
220 730 49.621 49.379 — 0.242 
221 737 49.576 49.318 —0.258 
222 738 49.531 49.263 —0.268 
223 740 49.554 49-207 —Os347 
224 TAL 49.511 49-145 — 0.366 
225 742 49.467 49.095 —0.372 
242 159 48.533 48.199 — 0.334 
243 750 48.498 48.153 — 0.345 
244 757 48.463 48.105 —0.358 
245 758 48.429 48.054 — 0.375 
246 759 48.381 48.006 —0.385 
247 760 48.343 47-947 —0.396 
248 761 48.324 47-910 —0.414 
249 762 48.289 47.860 —0.429 
266 771 47-273 47.085 —o,188 
267 172 47.246 57-045 =@.201 
268 793 47-21 47-001 —0,127 


| 
| 
| 
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(Tahelle VI) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Aufsaugung) Durchmesser der ROhre=o0.77 Cm. 


eingepresst. 


Bieri. ons ane op berechnet Differenz 
269 774 47-191 46.958 — 0.233 
270 775 47.165 - 40.915 — 0.250 
271 776 47-139 46.874 —0.265 
314 806 47.485 45.250 —0.235 
315 807 45.469 45.216 —0.253 
316 808 45-454 45.180 —0.274 
317 809 45-438 45.148 —0.299 
318 S10 45-422 45-114 —o'3c8 
319 811 45-408 45.092 — 0.316 
320 812 45-393 45.049 —0.344 
321 813 45.377 45-016 — 0.361 
338 825 44.874 44-475 — 0.399 
33 826 44.862 44.448 —O.414 
340 827 44.851 4.417 — 0.434 
341 O295 44.812 44.389 — 0.423 
342 828 44.773 44.358 —0.415 
343 829 44.701 44.326 = OBIS 
344 829.5 44.724 44.295 —0.4.29 
345 830 44.086 44.269 —O.417 
362 840 44.150 43.783 — 0.367 
363 841 44.152 43-762 — 0.390 
364 842 44.133 43-729 — 0.404 
365 84 44.125 43-700 —0.425 
366 843.5 44.090 43-086 — 0.304 
367 844 44.057 43-048 — 0.309 
308 844.5 44.023 43.616 —0.307 
369 845 43-999 43.693 —0.297 
410 866 42.769 42.579 —0O.1gO 
AIL 867 42.766 42.550 —0.210 
412 868 42.763 42.545 —-0.218 
413 869 A277 6X 42.513 — 0.248 
414 869,5 42.734 42.488 —0.246 
415 870 42.707 42.470 Oreo 7) 
416 871 42.704 42.446 —0.258 
417 871.5 42.678 2.423 | —0.255 
434 879 42.194 42.054 —0.I40 
435 880 42.193 42.032 —O0O.161 
436 881 42.193 42.004 —o.189 
437 882 42.192 41.991 —0.202 


438 883 42.191 41.979 —0.212 
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(Tabelle V1) 
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LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Aufsaugung) 


eingepresst, 


Durchmesser der Kéhre=o0.77 Cm. 


t Zz z z 
Stunde mm ye . AW 
439 883-5 42.017 41.949 
482 go2 41.086 AI.117 
483 g02-5 41.066 41.103 
484. 903 41.046 41.084 
485 904, 41.049 41.061 
486 905 41.052 41.052 
487 905-5" 41.033 41.033 
488 go6* 41.013 41.013 
489 907 41.017 40.995 
506 gi4 40.633 40.709 
507 g14-5 40.014 40.687 
508 g15 40-597 40.671 
509 915-5 40.579 40.653 
510 g16 40.502 40.636 
511 916.5 40.543 40.627 
512 QI7 40.527 40.607 
513 g18 40.530 40.587 
530 926 40.223 40.315 
531 926.5 40.206 40.299 
532 927 40.191 40.283 
533 927-5 40-174 40.270 
534. g25 40.159 40.254 
530 928.5 40.142 40.237 
536 929 40.127 40.223 
537 929-5 40.111 40.206 
554 935 39-725 39-952 
555 935°5 39-709 39-937 
556 936 39-695 39-925 
5O7 937 39-702 39-910 
558 937-5 39-087 39-892 
559 938 39-073 39-879 
560 938.5 39-059 39-864 
561 939 39-645 39-843 
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Der Verlauf der Grosse ist wieder ein solcher, wie 


Zz 
Ns 
die Theorie es verlangt, wenn gleich das Minimum in der 
Nahe der Flache der Wasserzufuhr nicht zu constatieren ist. 
Das innigere Gefiige der Bodentheilchen driickt wieder den 


VS 
auf, um dann langsam und stetig abzunehmen. Fiir den 
Tuffboden von Komaba wachst es bei der t1zgsten Stunde 
wieder um einige Einheiten. Da aber dieses in den beiden 


Werth von ——— berab und es steigt zu einem Maximum 
t 


Rohren gleichzeitig geschieht, so kann dieses entweder durch 
die zufallig in derselben Hohe der beiden Rohren herrschen- 
de Lockrheit der Fiillung veranlasst sein, oder durch eine 
starke Tenperaturerniederigung der Decembernacht, welche 
zwischen der ggsten und r1rgsten Stunde lag, indem das 
aufgesogene Wasser theilweise fror und so den Boden auf- 
Ickerte. Indess.—es mag dem_ sein, wie es wolle,—wir 


werden jedenfalls in diesem zum zweiten Male wiederkehren 


den Wachsen des 


A fe 


einer zufallig einspielenden Ursache erblicken diirfen. 


fiir den Komababoden nwr den Effect 


Es ladsst sich hiernach vermuthen, dass die Bedingung 
unter der die Gleichung 


ee 
aes QA FE 
‘yaa Se ae 


abgeleitet wurde, wohl angenadhrt fiir die Grenzschichte der 
Verdunkelung erfiillt sei, dass diese Gleichung durch passende 
Werthe der Constanten a, 6, c, wenn auch innerhalb geweis- 
ser Zeitratime die Beobachtung wiedergeben kénne 

Ich habe diese Constanten fiir die horizontale Leitung im 
Tuffboden ven Komaba mittelst der von Hrrn Inagaki beo- 
bachteten Daten (labelle I) berechnet und so gefunden 
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a=98.449 b=14.258 
C.=0.38259 
indem ich ganz willkiirlich die drei mit * bezeichneten Da- 
her benutzte. Die mit diesen Constanten berechneten Wer- 


y 


y + 
the des Ue sind unter der Rubrik (54. berechnet ) ein- 


getragen. 

Wie man sieht, stellt die in Rede stehende Gelichung 
ziemlich leidlich die Beobachtung dar, denn die Differenz 
ist und bleibt unter dem Kcmma.  Indessen wachst die 
Differenz negativ fiir kleinere 7, und positiv fir gréssere ¢, 
er ist dies eine Fingerzeige daftir, dass diese Gleichung fiir 
eine Zeitdifferenz 78—10=68 Stunden eigentlich nicht mehr gilt, 
dass b nicht constant geblieben war. Wenn wir die zeitlich 
nicht allzu weit abstehenden etwa mit Jd bezeichneten Daten 
herausgreifen und darum fiir C den oben bestimmten Werth- 
setzen, so erhalten wir. 


a=I101.95 b=37.801 


a ist also ungefahr dieselbe geblieben, wahrend 6 sich bedeu- 
tend verdndert hat. Wie aus der Tabelle I ersichtlich, is; 
die Ubereinstimmung zwischen Beobachtung und Berechnung 
eine grossere geworden, wogegen die Abweichung so wohl fir 
kleniere, als fiir grosere ¢. allerdings bedeutender geworden ist. 
Indessen; die auffallend grosse Differenz fiir t=78 legt die 
Vermuthung nah, dass die Gleichung nicht mehr recht fir 
eine solche Zeit ‘gilt. Wenn wir daher zur Bestimmung der 
Constanten a, b, die mit o bezeichneten Daten wahlen, so 
erhalten wir 
a=97.938 b=11.022 

a ist also wieder fast dieselbe geblieben, und 6 hat sich 
auch um ein Paar Einheiten verringert. Die Ubereinstimmung 
ist denn grésser geworden, und selbst fiir die Zeiten, fiir 
die mittelst der letzthin bestimmten Constanten berechneten 
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Werthe der Abweichungen von mehereren Einheiten 


Zz 
Vt 
zeigen, sind dieselben jetzt nur Briiche geworden. 


ie ee 
owe sich bewegt, 
sind aber zu klein, als dass man hatte mit Fug die Erage 
verneinen kéunen, ob man ebenso gut die Beobachtung durch 
eine willkiirlich angenommene, langsam zunehmende Funktion 
wiedergeben kénne. Eine solche Funktion ist 


Die Grossenintervalle, innerhalb deren 


pre ser 

ein Ausdruck, der mit dem theoretisch abgeleiteten die Eigen- 
schaft gemein hat, mit wachsendem ¢ gegen eine Grenze zu 
convergieren. 

Benutzt man zur Bestimmung der zwei Constuaten die 
mit * bezeichneten Daten, so findet man 

a=47.445 b=9296.1 

Die mit diesen Constanten berechneten Werthe sind unter 


der Rubrik (= berechnet nach D) eingetragen. Wie man 


sieht, stellt der angenommene Ausdruck fiir em die Beo- 


bachtung entscheiden schlechter dar, als der theoretisch ab- 
geleitete, denn die Differenzen sind alle positiv, und gross, 
und fast constant, als wenn man a etwas abcorrigieren miisste, um 
eine bessere Ubereinstimmung zu erzielen, Wenn wir nun 
a=47.445+s setzen, und smittelst der Methode der kleinsten 
Quadrate bestimmen, so ergiebt sich in erster Annahrung 
a=46.819. 
Die mittelst dieser Constante berechneten Werthe sind unter 


der Rubrik ( berechnet nach #) eingetragen. Wenn 


gleich die Ubereinstimmung zwischen Beobachtung und 
Berechnung grosser geworden ist, so herrscht das positive Vor- 


82 UBER DIE WASSERBEWEGUNG, 


zeichen der Differenz in der Mitte vor, und die Differenz selbst 
wird fiir die extremen Werth von ¢ so gross, dass wir wohl, 
berechtigt sind, daraus zu schliessen, dass das Intervall, inner 
halb dessen der in Rede stehende Ausdruck die Beobachtung 
wiedergiebt, viel enger ist, als der theoretisch abgeleitete Aus- 
druck, dass daher der angenommene Ausdruck wieder schlech- 
ter die Beobachtung darstellt, als der theoretisch abgeleitete 
Ausdruck, von dem wir wenigsten wissen, dass er nur fiir massig 
grosses ¢ gelten wiirde. 

Ich habe a, 6, c auch fiir den Versuch der Herrn Inagaki in 
Bezug auf die Durchsickerung in Komababoden berechnet, 
wobei ich ¢ zunachst fiir verschwindend klein ansah und 
a und b bestimmte, und dann c mithelst eines anderen 


Werthes des 


rare berechnete, um dann a und 06 riickwarts 
mittelst der beiden mit * bezeichneten Daten zu bestimmen 
So erhielte ich 


a=189.75 b=—76.583 c=0.2896. 


Die mit diesen Constanten berechneten Werthe des a sind 
f N 


unter der Rubrik (F- berechnet ) Tabelle (II) eingetragen. 
Da aber Herr Inagaki ungliick!icherweise seine Beobachtun- 
gen gerade in den Stunden 8—23 hatte aussetzen miissen, 
so kénnen wir hier nichts, als auf die regelmassige Zunahme 
der Differenzen mit kleiner werdendem ¢ hinzuweisen und 
zu vermuthen, dass eine leidlich gute Ubereinstimmung zwi- 
dchen Beobachtung und Berechnung sich zwischen der 8ten 
und 23sten Stunde gezeigt haben miisste. 

Ich habe die Constanten in Bezug auf die Aufsaugung in 
Komababoden berechnet, indem ich von vorn herein C=0.383 
setzte, und a und bd mittelst der mit* bezeichneten Daten (Tabelle 
III) bestimmte, und fand fiir die lose Fillung 

a=48.213 b=188.51 
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Wie man sieht, stellt der in Rede stehende Ansdruck mit 
diesem Werthe der Constanten die Beobachtung durch 20 


Stunden leidlich dar. Fir ¢>r119 giebt der Ausdruck rae 


natiirlich zu klein. Berechnet man a und 0 mittelst der mita 
bezeichneten Date unter Beibehaltung des Werthes fiir c, 
so findet man. 

a=41,407 0=302.35 

Mit diesen Constanten stellt der Ausdruck die Beobachtung 

fir ¢>119 auch leidlich dar. Fir die compaktere Fiillung 
lassen sich die Constanten, mittelst der mit * bezeichneten 
Daten (Tabelle IV) zu 

277 3% b=402.59 


bestimmen, und zwar unter Bei behaltung des Werthes fiir c, was 


eigentlich durch nichts gerechtfertigt ist, wenn c mit ae iden- 
tisch ware. ‘Trotzdem sieht man, dass der fragliche Ausdruck 
mit diesen Constanten ziemlich genau die Beobachtung fiir ¢ 
>119 wiedergiebt Die Constante a erscheint dabei, was 
besonders zu bemerken ist, gegen das a fir die lose Fiillung 
stark deprimirt, wie die Theorie von a verlangen wiirde, wenn 


a mit a. hatte identificirt werden k6onnen. 
7 


Die Constanten fiir die Aufsaugung im  Mitoboden 
(Tabelle V und VI) sind auf dieselbe wenig genaue Weise, 
wie die Constanten fiir die Durchsickerung in Komababoden 
ermittelt worden, Ihre Werthe sind 

@=25.534 6=388.15) 
c=0.255 J 
(ran ea Paeo fiir die compakte Fiillung. 
€=0.435 } i 

Die zur Bestimmung dieser Constanten benutzten Daten 
sind mit * bezeichnet. Die fiir die Constanten der compakten 
Fiillung benutzten Daten sind absichtlich zeitlich so dicht 


fiir die lose Fillung 


&4 UBER DIE WASSERBEWEGUNG, 


an einander gewahlt, um zu sehen, welchen Effect die Wahl 
eines kleinen Werthintervalles der Daten auf die Constanten 
austiben wiirde. Zuerst bemeiken wir, dass die festere Fiillung 
des Bodens wieder eine Depression der Constanten herbeigefiihrt 
hat,-ohne sonderlich 6 zu beeinfliissen. Die Genauigkeit, mit 
der der in Rede stehende Ausdruck die Aufsaugung des Wassers 
im Mito-Boden darstellt, ist wider alles Erwarten  trotz 
der wenig genauen Methode, die Constanten zu bestimmen, 
trotz dem dazu Daten herausgcgriffen worden sind, welche 
zeitlich, und der Grosse nach so wenig von einander abstehen. 
Dass ich bei der Wahl der Beobachtungsdaten nur zufailig 
so gliicklich gewesen war, lasst sich wohl kaum annehmen. 

Dass die Differenzen mit wachsenden ¢ positiv zunehmen, 


y 
A 


war auch theoretisch zu erwarten, da aa doch mit wachsen- 
t 


dem ¢ starker abnehmen muss, als der in Rede stehende Aus- 
druck es giebt, der doch nur gegen die constante Grenze 
a convergiert. Das Verhalten der Differenzen bei abnehmen- 
dem ¢ ist bemerkenswerth; sie steigen zuerst negativ zu einem 
Maximum auf, und nachden sie dann gegen Null wieder 
abgenommen haben, wachsen sie positiv. Auch dieses Verhalten 


: . v4 . 
der Differenzen war theoretisch vorauszusehen, da Wie e ja 


mit abnehmendem ¢ nur zu einem Maximum wachst, wahrend 
der bedingungsweise giltige Ausdruck dafiir in’s Unendliche 
zunehmen kann, 

Nach dieser Erérterungen glaube ich zu dem Schluss 
berechtigt zu sein, dass der in Rede stehende Ausdruck mit 
ziemlicher Genauigkeit' alle drei Arten Wasserbewegung in 
einem Boden innerhalb gewisser Distanzen von der Flache der 
Wasserzufnhr darzustellen vermag. 

Man koénnte sonach das Vermégen eines Bodens, Wasser 
fortzupflanzen, durch die Bestimmung der Constante a nume- 


: Ske : Jie Os nie 
risch charakterisiren, wenn a nur mit —=— identificirt wer- 
z 
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den diirfte. Es ist dieses wahrscheinlich angenahrt gestattet, 
wie das Verhalten dieser Constante gegen die Compaction der 
Bodentheilchen darthut, wie der Umstand dass a. ziemlich 
unverdndert bleibt, welche von den Beobachtungsdaten auch 
dazu benutzt werden moégen, wenn ¢ nur nicht zu gross oder 
zu klein und das Zeitintervall nicht all zu klein gewahlt wird. 


Es ist aber eine nur rohe Annahrung in der Bestimmung der 
I 


Constante a, in so fern, als c durchaus nicht mit — iden- 
? 7 Un/ x 

tificiert werden kann. Der Ausdruck 
b 

a es 
pee Ne 
MV ¢t es C 

Vt 


ist namlich unter der Bedingung abgeleitet worden, dass 


unendlich klein oder wenigstens ein kleiner, 


; : 3 I , act 
Bruch sei. Wenn wir nun c mit —— identificiren und #2 


H/ x 


daraus berechnen, so ergiebt sich fiir “ ein so grosser Werth. 


dass or nur fiir kleine Werthe von ¢ auf kleine 
20 t 
Briiche herabsinkt. Fiir den ‘Tuffboden von Komaba ist’ 
z. B. c=0.383. Identificirt man dieses c mit aes so erhalt 
Vz 
man 
t=1.47312| | 
oder 7 Stunde 
one H==0.024552| Famine | 
mithin VY Secunde | 
iS 00060278 ss | 
0, 06000270), —————— 
~ 78 Secunde i 


Es ist entschieden zu gross fiir den Reibungscoefficienten 
einer Fliissigkeit, wie Wasser, wenn gleich es nicht in Abrede- 
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gestellt werden kann, dass die Reibung einer tropfbaren Fltissig- 
keit an einem so unregelmassig gestalteten Kérper, wie ein 
Bodentheilehen wahrscheintich eine ausseroraentlich grosse 
sein mochte. 


Der in Rede stehende Ausdruck hat demnach genau genom- 
men fast nur den Werth eines empirischen, der mit leidlichez 
Genauigkeit der Beobachtung angepasst werden kann und 
verdient inso fern den Vorzug vor jedem empirisch angenommen 
Ausdruck, als er aus einer theoretisch aufgestellten Formel 
abgeleitet wurde, welche wenigstens qualitativ die betreffende 
Erscheinung fast in allen Instanzen wiedergiebt. 


> : : ni ; & 
Wie sehen somit, dass die Giltigkeit des Ausdrucks fiir aes 


durch so ziemlich grosses Zeitintervall nur auf die Kosten der 
physikalischen Bedeutung der Constanten geschehen ist, dass 
seine Giltigkeit in Wahrheit auf ein bei Weitem kleineres 


Zeitintervall beschrankt ist. Nun soll #¢/ ¢ mernes (i: 
endlich klein sein. Wenn wir annehmen, dass diese Differenz 


Ze 
so klein sei, dass sie trotz der Multiplication mit Fig nicht 


aufhort, eir kleiner Bruch zu sein, so wird jene Bedingung crfiilt 


y 
Aa 


wenn 2a—.- 


-einem kleinen Bruch gleich ist. Nun verandert 


y 
a 


t 
allgemeinen so langsam, dass man durch ein ziemlich grosses 


sich fiir grosses ¢ durch geraume Zeit hindurch im 


Ca 
A 


Zeitintervall als eine Constante ansehen kann. Greift man 
. r ve z : oF 

einen Werth fiir ; bei grossem ¢ heraus und setzt ihn 
geradezu. =2ay. und bestimmt mittelst zweier Daten a und 


b., so erhalt man eine Gleichung, bei der die Erfiillung der 
Bedingung gesichert ist, under der sie abgeleitet worden ist. 
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So erhalten wir, indem wir fiir die Aufsaugung in Mito-Boden 


bei loser Fiillung rund 
2a = 3 


ar). 08 on a 4 . 
setzen, weil in der Nahe von ¢=410 Fe etwas grosser ist, als 


Is 


z. namlich=2.1814, und a, b mittelst der Werthe von 


t=438 und f=410 
a=20.396 b=782.64 
c=6.799 
a hat sich also nur etwas verringert, wahrend b einen mehr als 
zweifachen Werth erhalten hat. Man tindet aus dem Werthe 


: = 
8 ee 
Roe l SunIS | 


fiir a undc 


oder 


#—0.001 386 
: 5) yee | 


12 — ihe Beet 
0.000001 8138 | sna | 


Dieses ist von einer Grossenordnung, wie wir bei dem Reibungs- 
coefficienten einer Fliissigkeit wie Wasser hatten gewartig sein 


konnen. Indem wir a mittelst der obenstehenden Werthe 


fiir a, b, c berechnen, finden wit 
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. | Ze z 
t Zz —— shnet} iffer hy t— = 

a berechnet) Differenz vt me 
219 747 50.215 — 0.679 | -o.1610 
225 | 754 49-932 — 0.335 — 0.1365 
245 | 773 49077, | —0.308 —0.0587 
266 | 791 48.581 | +0.c81 +0.0186 
314 828 46.659 | +0.112 +0.1797 
345 854 Be 77. 8 Gor +0.2526 
362 864 45.228 | —0.105 | +0.3248 
410 894 44.152 | o +0.4589 
438 QII.5 43-553 fe) ++0.5309 
482 931 2.792 +0.386 | +0.6381 
506 943 42.378 +0.456 | +0.6944 
530 953 41.991 +0.596 | -+0.7489 
56r | 969 41.519 +0.608 | +0.8170 


Wie man sieht, ist die Differenz zwischen Beobachtung und 
Berechnung fiir grossere und kleinere Werthe von ¢ durchgangig 
etwas grosser geworden, als wenn man die Constanten ohne jede 
Riicksicht auf jene Bedingung bestlimmt hatte, aber entschieden 
kleiner, als man hatte eigentlich erwarten konnen, da es 
doch durchaus willkiirlich ist gerade fiir t=410, 2za#=3 zu 
setzen. Dabei nimmt die Differenz in demselben Sinne zu, 


wie Vy wachst und das Minimum derselben 


2a\/ t 
= 2 FS = . 
entspricht der Stelle, wo om viel genauer=3 ist, wie denn bE 


2,8393 ist. Ich glaube hieraus schliessen zu diirfen, dass der 
Ausdruck auch bei einem Werth von c, der theoretisch zu erwar- 
ten war, die Bewegung der Grenzschichite der Verdunkelung 
durch ziemlich grosses Zeitintervall darzustellen vermag und 
wie die Vertheilung der Differenzen zwischen Beobachtung und 
Berechnung der Grosse und dem Vorzeichen nach beschaffen sind, 
dieselben geradezu fiir eine Fingerzeige halten zu konnen, dass 
die fiir C gefundene Funktion die Wasserbewegung in einem 
Boden im Grossen und Ganzen richtig darstellt. 
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Wenn es nur ein Kriterium geben wiirde, dafiir, dass die 


__* _=0 erfiillt sel, so hatte man es leicht 
2a\/ t 


Bedingung “#\/ ¢ — 
a fiir jeden Boden zubestimmen, und so seine Fahigkeit, 
Wasser fortzupflanzen, numerisch zu charakterisieren. Ein 
solches Kriterium ldsst sich nicht finden, wohl aber ein wenn 


auch nicht allzu scharfes und auch nicht unbedingtes Kriterium 


datur, dass %/ 7 —————-. ein _ nicht allzu grosser Bruch sei. 
2an/ t 


Es seientund 7?’ zwei massig grosse Zeiten‘und z und z’ die 
entsprechenden Distanzen der Grenzschichte der Verdunkelung 
von der Flache der Wasserzufuhhr. Es ist dann 


oder, was dasselbe ist 


a/ +b ar/ t!+-b 
a— C — uel 
ana agi 


Indem man diese beiden Ausdriicke von einander abzieht, 
erhalt man 


ent z A Fe (A) 
Jaa Flav eet) 


Nun ist 
AO EAD ety Gb 
z! A/ t'-+-e VAG) Prec 
Die Substitution dieser Ausdrucke in (A) ergiebt nach eine, 
leichten Umformung 


gl—zZ c (b—ac) 
YE (CV t) (c+¥v ?) 


Hiraus folgt, indem wir beriicksichtigen 
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72 
20 a (c. +5) iT 
a v2 De ee = Te = 
2(c-+4,) 

gl—s i. (= ) (B) 
i fae er — = = 
| (rE A £) (tM TW PY | 

ae Wik 

Cot ip 


wo log = Kygesetzt isk. 


a{ C+] 


In Fall der Aufsaugung kann K ein echter Bruch sein und 


p 2 Zz 3 : ; : <i ; 
ist >—= da—— hier mit ¢ abnimmt, dann ist — —r ein echter 


Wi V/V t 2 


Bruch und zwar vermuthlich ein kleiner echter Bruch, da die 


areas: : a : mK . 
Geschwindigkeit, mit der 7p abnimmt, die von (7 =2) in 


erster Instanz abhangt, schon bei mdassig grossem ?¢ eine recht 
kleine ist, (die Gleichung XIIIa). Wenn also K ein echter 
Bruch ist, und iiberdies * ziemlich gross ist, was vermuthlich 
der Fall ist, so kann das zweite Glied der rechten Seite in (B) 
Selbst bei massig grossem ¢ nur eine unbedeutende Grosse gegen 


y 
Aa 


a selbst sein. Das Kriterium, fiir die Stelle, wo %v t ae 
2aV 
nur ein kleiner Bruch ist, wo daher jene unter dieser Bedingung 


abgeleitete Gleichung am besten angewendet werden kann, wiirde 
ee 


————— nahezu constant bleibt, wie 
Vv t—-v t 


darin bestehen, dass 
gross oder klein man auch V t'—x t wahlen mag, wenn man 
Vv t—t nur nicht so gross wahlt, dass b sich um Erhebliches 
andert. Bei der Durchsickerung und bei der herizontalen 
Leitung kann K negativ sein, wenn die Wasserzufuhr nicht unter 
if 
(c-5 


Druckerhohung vor sich geht. Da in diesem Fall 
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ist, und dabei, weil C gross ist, einen Werth haben kann, der 
sich von r wenig entfernt. Wenn gleich das zweite Glied rechter 
Seite in (B) mit dem in diesem Fall grossen @ multiplicirt, ist und 
einen gegen a selbst noch ziemlich bedentenden Werth haben 
kann, so wird das oben ausgerprachene striterium ungefaht auch 
fiir diese Falle gelten, wenn “ nicht allzu klein ist. Findet 
die Durchsickterung und horzontale Leitung unter Druckerho- 


Ell cee he A Spa S 
2(C 3 d) 2(C +32) 
ea Sore eae a 


hung statt, so ist sowohl als ein echter 
Co—'s Cot x 


2) 2 5 a G 
Bruch, und ees oder ee je nachdem i zunimmt, ader 
7 / A 


abnimmt. Man kann sich sonach in diesen Fallen Sau 


also einen echten Bruch, und mithin das zweite Glied rechter 
Seite in(B) als eine wenig bedeutende Grdsse gegen a denken, 
wenn “% nicht allzu klein ist. Das oben aufgestellte Kriterium 
muss sich daher fiir diese Falle auch ziemlich gut bewahren. 
Um dieses experimentell zupriifen, habe ich den Sandlehm von 


Mito auch in Bezug auf die Durchsickerung und die hosizontale 
my 


“— wie Tie == berechnet‘ 


Leitung untersucht und so wohl ee Tea 
nit A Paw 


2 . . zy) — 2 
wo bei //=t+1 genommen ist und die Werthe des ——__*~_. fiir 


Vv t'—~ 
grossere Zeitdifferenzen eingeklammert sind (Tabelle VII, VIII, 
VIIII, X, XI) Die Daten fiir die Aufsaugung sind dieselben, wie 
in (Tabelle V). 
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(Tabelle VII) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Aufsaugung.) 
(losegefullt) 


z Heaiaea ee Sy t | z bie 
: / f/—wv t / t'—v t 
I 64 64.000 149 665 57-980 
2 99 84.545 150 666 24.509 
3 12 78.641 I51 668 49.020 
4 143 70.921 152 670 49.201 
5 160 71.986 153 672 49.382 
6 174 65.605 170 693 [30.671] 
7 186 hemegiie 171 694. 20.110 
8 192 35-900 172 696 52.350 
25 Bait [64.007 | 173 697 26.316 
26 335 40.395 174 698 26.316 
247 342 72.016 175 699 26.385 
28 348 62.959 176 701 53-050 
29 354 64.181 yy 793 53-191 
30 358 43.478 194 720 [27.231] 
31 305 77-203 195 721 27.933 
2 378 14.590 196 72 55-866 
49 439 [40.161] 197 724 28.011 
50 AAT 28.130 198 725 28.196 
51 A44. 42.553 199 726 28.196 
2 448 57-390 200 728 56.497 
53 452 57-979 201 729 28.329 
54 455 73.865 218 746 [28.942] 
55 460 59-094 219 747 29.586 
56 464 59-613 220 748 29.586 
73 513 [46.197] 221 749 29.674 
74 516 51.457 222 750 29.702 
75 519 51.724 223 751 29.850 
76 23 69.505 224 752 29.940 
Te 527 69.929 225 754 59.880 
78 529 25 20r 242 770 [28.762] 
79 532 53-069 243 771 31.050 
80 534 35-651 244 772 31.250 
97 571 39-796 24.5 773 31.250 
98 oye 39-526 240 774 31.348 
99 576 59-514 247 775 31.440 
100 578 39.920 | 248 770 31.440 
101 580 40.090 249 ie 31.540 
£02 582 40.323 266 790 [26.425] 
140 660 [39-324] 267 792 32.080 
147 661 24.155 268 793 32.680 
148 | 662 24.331 | 269 | 794 | 32.787 
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93 
(Tabelle VII) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Aufsaugung) 
(losegefulit) 
; 
t Zz eA Sos t Zz ee es 
SIRO Fi Ne 
270 795 32-787 483 931-5 21.92 
Agi 796 32.893 484 932 22.026 
314 828 [25-349] 485 933 44.052 
315 829 35-401 480 934 44.052 
316 830 35-461 487 934.5 22.026 
317 831 35-587 488 935 22.174 
318 832 35-587 489 936 4.348 
319 833 35-714 506 943 [18.368] 
320 834 35-587 507 943-5 22.422 
321 835 35-714 508 944. 22.523 
338 847 [25.625] | 509 944.5 | 22.625 
339 848 30.765 510 945 22.523 
340 849 36.899 511 946 45-249 
341 850 36.899 512 947 45-249 
342 851 37.037 513 947-5 22.625 
343 852 36°go00 530 953 [14.777] 
344 853 37-175 531 653.5 23.042 
345 854 37-037 532 954 23.042 
362 864 [22.119] 533 955 46.083 
363 865 38.022 534 956 36.297 
364 866 38.168 535 956.5 23.932 
305 867 38.168 536 957 23.149 
366 868 38.314 287, 957-5 | 23-149 
367 869 38.314 554 964 [17.862] 
368 869-5 19.157 555 965 47-169 
369 870 19.157 550 965-5 23-474 
410 894 [23-097] 557 966 23.697 
41I 894-5 20.325 558 967 47-109 
412 895 20.243 559 968 47.169 
413 896 40.650 560 968.5 23.697 
414 896-5 20.325 561 969 23.697 
415 897 20.405 
416 898 40.650 
417 899 40.816 
434. 908 [20.925 | 
435 908 fo) 
436 gio 83.681 
437 gII 42.815 
438 QII-5 21.408 
439 gi2 21.408 
482 931 [18.948] 
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(Tabelle VIII) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Horizontale Leitung.) 


losegefullt ; Druck vorhanden. 
z z’—2z 

t Zz (mim) WE Rare eT: 

0.5 56 79.201 

i 78 78.000 78.000 

es 106 68.746 96.581 

2 123 86.776 10.864 

2.5 135 85.381 81.392 

3 148 85.448 133.12 

3.5 162 86.594 86.778 

4 176 88.000 104-51 

4.5 186 87.680 95-808 

5 197 88.101 88.945 [98,623 | 
5-5 297 88.265 93-793 

6 27 88.589 93-722 

6.5 226 88.644 92-999 

7 235 88.822 g1-696 

7.5 242 88.367 84.612 

8 252 89.096 93-100 

8.5 259 88.836 96.099 

9 207 89.000 87.412 

9.5 274 98.898 89.981 
10 281 88.861 86.260 [90.694] 
10.5 288 88.879 88.552 
iI 294 88.665 84.250 > 
Thes 299 88.170 72.895 
12 305 88.046 74-576 
7265 312 88.247 go0.089 
13 318 88.259 g1.871 
13-5 32 87.908 79.250 
14 328 ee 73477 
Jf) 535 7-450 74-850 
15 339 87.531 83.778 [81,621] 
15-5 344 87.378 85.204 
16 351 87.750 94.489 

16.5 356 97.642 96.000 
17 361 86.994 81.234 
17-5 306 87.490 82.440 

18 372, 87.680 92.049 
18.5 376 87.420 84.889 

19 382 87.635 85.985 | 
19.5 387 87.638 95-819 
20 » 392 87.056 88.339 [88,452] 
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(Tabelle VIII) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Horizontale Leitung.) 
losegefiillt; Druck vorhanden. 
t Zz sd eee ©: 
Vv t Mig ay t 

a 400 87.287 72.399 

21.5 405 87.561 82.494 

22 408 86.986 74.211 

22.5 412 86.858 65.666 

23 414 86.326 50.925 

23.5 AIT 86.022 460.892 

24 422 86.141 77.519 

24.5 428 86.072 107.74 

25 434 86.800 103.63 [79.561] 

25.5 439 86.934 109.89 

26 444 87.076 TOI.O4 

26.5 449 87.224 102.04 

27 Aso 87.181 113.92 

27-5 457 87.146 83.073 

28 461 87.120 83.946 

28.5 464 86.916 74.153 

29 468 86.907 74.707 

29-5 472 86.902 86.113 

30 475 86.722 76.070 [85.917] 

30.5 479 86.732 760.671 

31 483 86.750 88.300 

31.5 487 86.780 89.687 

32 490 86.622 78.563 

32.5 494 86.654 78.052 

33 498 86.690 Qg1.220 

aa; 501 86.571 80.460 

34 505 86.606 81.020 

34-5 508 86.487 81.585 

35 512 86.545 82.257 [84.320] 

35-5 515 86.415 82.939 

36 518 86.333 71.514 

36.5 521 86.236 71.855 

37 524. 86.145 72.404 

37-5 527 86.058 72-993 

38 530 85-973 73-529 

38.5 532 85-739 61.728 

39 536 85.828 74-442 

39-5 538 85.601 74-907 

40 543 85.856 87.957 [78.868 | 

40.5 548 86.109 126.42 

41 552 86.209 114.65 
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[93.823] 


[77,199] 


[84.010] 


[78.835] 


(Tabelle VIII) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Horizontale Leitung.) 
losegefullt; Druck vorhanden. 
t z aeaiy| Sea 
/ ¢t PRY TF 

41.5 555 86.153 89.745 

2 558 86.101 77.320 
42.5 562 86.208 90.792 
43 566 86.316 104.30 
43-5 569 86.272 91-744 
44 572 86.232 79.051 
44.5 576 86.346 92.839 
45 579 86.312 93-334 
45-5 582 86.280 80.428 
46 585 86.254 81.081 
46.5 588 86.228 81.410 
47 591 86.207 81.743 
47.5 594 86.187 82.192 
48 596 86.062 68.965 
48.5 599 86.012 69.347 
49 602 86.000 83.566 
49-5 605 85.990 84.033 
50 607 85.844 70.422 
50-5 609 85-757 56.498 
Si 612 85.698 GSE 
51-5 615 85.698 85.836 
52 617 85.502 71.632 
52-5 623 85.983 115-27 
8) 626 85.986 130 44 
53°55 628 85.860 72.987 
54 631 85.866 73.207 
54:5 633 85-743 73-421 
55 636 85-759 73-740 
55-5 639 85.773 88.889 
56 642 85.791 89.553 
56.5 644 85.678 74.962 
57 646 85.564 59-969 
57-5 649 85.587 75-528 
58 651 85.481 75.987 
58.5 654 85-507 75-987 
59 657 85.532 g1.603 
59:5 661 85.693 707-528 
60 662 85.463 77.160 
60.5 664 85.367 46.511 
61 666 85.273 62.305 
61.5 669 85.308 78.125 


(Tabelle VIII) 


UBER DIE WASSEREBWEGUNG. 


LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Horizontale Leitung-) 


losegefillt. Druck vorhanden. 


; : Es zi 2 
‘ oe Vt /’=—V ¢t 
62 671 85.216 78.247 
62.5 673 85.128 62.993 
63 676 85.169 79.239 
63.5 678 85.083 79.305 
64 681 85.125 79.018 
64.5 683 85.043 80.000 
65 686 85.087 80.256 
65-5 689 85-133 96.774 
66 692 85.180 97-243 
66.5 695 85.226 97.500 
67 698 85.275 97-719 
67-5 Feat 85-327 98.200 
68 702 85.132 65.898 
68.5 704 85.059 49.342 
69 709 (oiGpaere gt 82.781 
69-5 709 85.047 83.334 
79 fete 84.981 66.556 
70-5 715 85.157 100.503 
Fas 718 85.210 117.450 
71.5 FAX 85.267 IOI.00g 
72, 923 85.206 84.460 
72-5 726 85.265 84.746 
73 728 85.206 85.324 
1B 730 85.149 68.494 
74 732 85.094 08.729 
74-5 735 85-155 85.763 
75 14 85.298 86.206 
73-5 739 85.043 69.445 
76 741 84.995 69.323 
76.5 743 84.950 69.687 
TE 745 84.902 70.176 
77-5 747 84.658 70.176 
78 749 84.807 79-299 
78.5 752 84.877 88.495 
79 754 84.832 88.810 
79-5 756 84.789 71.048 
Paso 758 84.748 TEGO? 
80.5 761 84.816 89.285 
81 763 84.788 89.607 
81.5 765 84.738 71.944 
82 768 84.811 90.253 


75-877] 


[82,156] 


[88,554] 


[73-943] 
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(Tabellc VIII) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Horizontale Leitung) 


losegefillt, Druck vorhanden. 


) 


t Z ih eae Se | 
b / ¢ Vi U-V t 
82.5 7 84.883 108.700 
83 773 84.848 90-744 
83.5 Tue 84.813 72.993 
84 LEE 84.777 73-126 
84.5 79 84.744 73-201 
85 782 84.822 QI.gi2 
85.5 784 84.789 92.251 
86 785 84.649 55-556 
86.5 788 84.727 74.075 
87 789 84.590 74-350 
87.5 792 84.668 74.7017 
85 793 84.534 74-907 
88.5 793 84.295 18.762 
89.5 800 84.563 132.077 
90.5 805 84.621 94.877 
QI.5 808 84.470 57-143 
92.5 814 84.635 115.160 
93-5 818 84.594 77-071 
94-5 822 84.557 77-519 
95-5 826 84.524 78.125 
96.5 830 84.493 78.431 
97-5 836 84.666 118.11 
98.5 840 84.637 79.051 
99-5 844 94.612 79.840 
100.5 847 84.489 66.000 
IOI.5 850 84.370 60.241 
102.5 855 84.452 10.101 
103-5 858 84.337 60.851 
104.5 862 84.324 81.467 
105.5 865 84.215 31.475 
106.5 868 84.111 61.983 
107.5 872 84.105 82.815 
108.5 875 84.004 62.240 
109.5 878 83.903 62.240 
T10.5 881 83.811 63.025 
Tate 884 83.716 63.158 
Te 2-5 88g 83.720 84.579 
I13.5 891 §3.633 63.829 
II4.5 895 83.641 65.052 
115.5 898 83.558 64.239 
116.5 go2 83-579 88.687 


[87.147] 


[78.365] 


[80.988] 


[83.169 | 


[73-021] 


[66.527 | 


[72.279] 
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(Tabelle VIII) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Horizontale Leitung) 


losegefillt. 


Druck vorhanden. 


Zz z’—2z 
Wt VE: 
83.489 62.761 
83.503 gO.g1IO 
83.520 81.632 
83.445 68.182 
83.282 43-478 
83.213 60.667 
83.236 88.889 
83.261 88.889 
83.106 44-445 
83.042 68.182 
82.893 44-445 
83.012 11.364 
82.867 45-455 
82.810 68.182 
82.670 46.511 
82.617 68.182 
82.634 93-023 
82.518 40.511 
82.471 69.767 
82.338 40.511 
82.382 93-023 
82.338 71.428 
82.296 69.767 
82.255 71.428 
82.217 71.428 
76.902 52.632 
78.730 
78.652 
78.648 76.924 
78.592 78.948 
78.052 78.948 
78.578 52.632 
78.586 78.948 
78.96 21.628 
77-956 
78.071 
78.014 55-550 
78.028 83.334 
78.044 83-334 
77-985 57-143 
77-934 83-334 


[98.5241 


[66.377] 


[67.873] 


[64.816] 


[70.422] 
[40.724] 


[91.228] 
[56.013 | 
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(Tabelle VIII) 


UBER DIE WASSEREBWEGUNG,. 


LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Horizontale Leitung) 


losegefullt. 


Druck vorhanden. 


75-790 
75.720 
75-377 
75-429 
75-422 
75-414 
75-348 
75343 
75-330 
75-330 
75.024 
74-907 
74.904 
74.960 
74-903 
| 74.901 


74.898 
74.782 


ae 


Af an ae 


86.714 


58.823 
29.412 
58.823 
60.607 
88.235 
58.823 


TOO.COO 
96.774 
64.516 
33-333 


96.774 
66.667 


66.667 
88.965 
33-333 
35-714 
60.667 
33-333 


71.628 
71.428 
34.483 
71.428 
71.428 


37-027 
71.437 
74-024 
37-037 
74-075 
71.428 
37-037 


[68.182] 
[63-547] 


[80.403 ] 
[64.646] 


[52.083] 
[63.158] 


[70.588 ] 
[63.425] 


[57.592] 


— 
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LEHMIGER SANDBODEN AUS DER PROVINZ MITO, 


(Horizontale Leitung) 
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losegefullt. Druck vorhanden. 
- z ee 
, vt RY eat: 
1404 74-411 [57-98] 
T405 44.362 38.462 
1407 74.362 74.075 
1408 74.310 38.462 
1410 TAA 74-975 
T412 74.316 76.924 
I4I3 74.206 38.462 
I4I5 74.269 76.92 [58.782] 
L441 73-921 [58.823 ] 
1442 73.877 40.COO 
1444 73-882 79.924 
1446 73.887 80.000 
1447 73.841 38.462 
1449 73.848 80.000 
1452 ZSGEQ 115-390 
1454 73-169 76.924 | [59.524] 
1512 73-097 [69.080] 
4514 73-000 83-332 
1515 73-423 41.117 
1516 72.988 40.000 
1517 72.951 41.667 
1518 72.963 43-478 
1518 72.9074 83.332 
1520 72.577 83.332 | [72.626] 
1522 72-543 [57-143] 
1543 72.557 41.667 
1544 72-579 86.956 
1546 72-539 83.332 
1548 72-459 43-478 
1549 72-427 O 
1549 72-394 43.478 
L550 72.282 43-478 [48.781] 
E55 i T2252 [66.158] 
£577 72.222 43-478 
1578 72.284 43.478 
1579 77-254 130-430 
1581 972.270 43.478 
1583 72.240 86.956 
1585 458 : 
uBee 45-45 [56.250] 
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(Tabelle X,) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Durchsickerung.) 


losegefullt. Druck vorhanden. 
t z (mm) 8 ieee 
“ Vt VY —V £ 
0.5 60 84.857 
uf 75 75.000 75.000 
TS OO 81.647 977.204 
2 LEZ 79.198 28.960 
2.5 116 73.305 44.906 
3 125 72.003 40.893 
3°5 I31 79.023 51-777 
4 LEY 68.500 44.793 
4.5 I44 67.881 51.896 
5 152 67.975 63.532 [67.975] 
Ba 161 68.652 75.928 
6 170 69.402 84.349 
6.5 179 70.209 88.105 
7 188 71.057 g1.696 
75 195 71.205 84.612 
8 103 70973 82.147 
8.5 Dist 42.2892 84.793 
9 219 73.000 93-240 
9-5 226 73.325 95.980 
IO 233 73.082 86,261 [87.056] 
10-5 241 74-375 88.552 
II 248 74-774 97-212 
106 5) 255 75,188 99-403 
12 261 75.344 88.135 
12.5 268 75.803 90.089 
1 274 75-994 gt.871 
13-5 281 70.479 93-659 
14 288 76.972 95-517 
14.5 294 77-208 97-304 [94.284] 
15 300 77-401 91-395 
15-5 306 77-725 92-950 
16 312 78.000 ~ 94.489 | 
10.5 318 78.287 g6.000 
17 324 78.583 97-481 
17.5 330 78.884 98.928 
18 336 79-195 yO0.42 
18.5 341 79-283 93-377 
19 347 79-607 94.582 
19-5 353 79°937 104.53 
a 359 80.275 06.01 [98 465] 


20.5 364 80.394 98.390 


UBER DIE WASSEREBWEGUNG. 103 


(Tabelle X.) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Durchsickerung.) 


losegefullt. Druck vorhanden. 
} z 2 
zs (mm) as WET ESA 

21 370 80.740 99-547 
21.5 376 81.091 109.990 
22 381 81.231 102.04 
22.5 387 81.587 103.188 
2 391 81.530 94.877 

23-5 397 81.896 95-969 

24. 403 82.264 ELO.27 

24.5 408 82.42 107.74 

25 413 §2.600 99.010 [102.292 
25-5 414 91.954 59-941 

20 420 82.560 70.708 

26.5 426 82.754 122.45 

27 434 83.534 133-74 

277-5 439 83.712 134.99 
28 444 83.906 104.93 
28.5 448 83.919 95-339 
29 452 83.934 85.379 
29-5 457 84.083 96.877 
30 460 83.985 86.956 [98.492] 
30.5 404 84.017 76.671 
Bie 468 84.056 88.300 
31.5 472 84.106 89.687 
32 476 84.147 89.786 
32.5 479 84.023 78.652 
33 482 83.905 68.415 
285 486 93-969 80.480 
34 490 84.035 92.594 
34.5 493 83.934 81.585 
35 496 83.840 70.505 [82.041] 
35-5 500 83.898 82.939 
36 504 84.000 71.514 
36.5 508 84.083 95-786 
37 511 84.008 84.542 
37-5 514 83.934 72.993 
38 518 84.032 85.785 
38.5 521 83.967 86.427 
39 525 84.068 86- —- 
39-5 528 84.010 87,923 
40 532 84.116 87.941 [88.105 | 
40.5 535 84.066 88.495 

41 539 84.178 eeOQuL 72 
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LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Durchsickerung.) 


losegefillt. Druck vorhanden. 
F pcan) "3 zz 
‘ vt Lt —v t 

41.5 542 84.135 89-745 
42 545 84.097 77-320 

Bats 547 83.907 64.851 
43 551 84.097 78.228 
43-5 555 84.149 104.850 
+4 557 83-971 79-155 
44.5 560 83-947 66.313 
45 564 84.075 80.000 [83-399] 
45:5 568 84.205 107.238 
46 570 84.041 80.971 
46.5 573 84.027 67.842 
47 577 84.164 95-368 
47-5 579 84.010 — 82.192 
48 583 84.149 80.874 
48.5 586 84.143 97.087 
49 599 oe 97-495 

5 4.439 I1I2.05 
ee 6 84.289 84.388 [88.227] 
50-5 599 84.271 70.622 
51 602 84.493 85.349 
51-5 605 84.306 85.336 
52 609 84.454 100.66 
52-5 611 34.326 86.455 
53 614 34-339 72-399 
53-5 617 84.318 87.464 
54 621 84.508 102.33 
5455 623 84.390 88.105 
55 627 84.545 88.626 [89.803] 
55°5 630 84.565 103.705 
56 634 84.723 104.32 
560.5 638 84.849 £20.22 
57 641 - 84.902 102.86 
57-5 944 84.930 90.634 
58 647 84.955 90.910 
58.5 649 84.852 75-987 
59 654 85.143 107.20 
59.5 657 85.175 122.89 
60 660 85.204 92.451 [100.060] 
60.5 663 85.237 73.891 
61 665 85.145 77.881 
61.5 668 85.181 78.125 
62 673 85.469 125-39 
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(Tabelle X) LEHMIGER SANDBODEN AUS DES PROVINK MITO. 


(Durchsickerung.) 
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[91.685 | 


[88.728] 


[g1°960] 


[91-548] 


losegefillt. Drauk vorhanden. 
z s/—z 

(mm) WEE Pa 
674 85.255 94-489 
678 85.420 78.900 
680 85,333 95-238 
683 85-375 79-744 
686 85.410 95-986 
689 85.459 95-541 
691 85.381 80.045 
694 85 426 81.036 
697 85.471 97-560 
700 85.518 97.719 
702 85-445 81.833 
705 85.692 82.101 
708 85.542 98.685 
71 85.595 99-502 
713 85-724 83-334 
716 85-577 83.334 
719 85.633 100.496 
722 85.686 100.84 
725 85.741 IOI.0Cg 
725, 85.676 84.460 
730 85.733 84.746 
732 85.614 85.179 
735 85-733 85.617 
738 85.793 102.92 
740 85-733 85-763 
743 85.785 86.207 
746 85.856 104.167 
748 85.800 86.956 
751 85.864 87.108 
754 85.927 104.89 
756 85.876 87.720 
759 85-939 88.028 
762 86.006 100.194 
765 86.070 106.38 
767 86.066 88°810 
769 85-979 71.302 
Vaz 86.044 89.285 
774 86.000 89.766 
ad, 86.068 89.929 
779 86.026 90.253 
782 86.095 90.580 
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(Tabelle XI) LEHMIGER SANDBODEN AUS DEK PROVINZ MITO, 
(Durchsickerung) 


Losegefiillt. Druck vorhanden. 


i - z Zz 
i w/t V tw t 
83 784 86.056 gO.701 
83-5 787 86.125 QI.241 
84 790 86.196 50 63 £95 05 
84.5 793 86.266 109.89 
85 795 86.230 gi.g12 [ 94,408] 
85.5 798 86.302 92.251 
86 800 86.256 125.00 
86.5 803 86.339 92-593 
87 805 86.306 92.937 
87.5 808 86.379 93-459 
88 811 86.453 112.35 
88.5 813 86.419 93-808 
89 815 86.389 75.188 
89.5 817 86.359 75-471 
go 820 86.435 94.698 [ 93,562] 
g0.5 823 86.513 114.07 
gt 824 86.379 76.045 
gI.5 826 86.351 57-143 
92 828 86.321 70.482 
92-5 831 86.403 95-969 
93-5 835 86.354 77-071 
94-5 840 86.409 96.899 
95-5 846 86.571 | 117-19 [ 91,035] 
96.5 851 86.639 | 98.039 
97-5 855 86.599 78.741 
98.5 861 86.752 118.68 
99-5 866 86.818 99.800 
t00.5 871 86.884 gg.800 [ 94,010] 
TOI.5 8-6 86.950 08.00 
102-5 880 86.920 80.646 
103.5 882 86.697 40.509 
104.5 883 86.377 16.950 
105-5 896 87.233 26.585 [ro1,419] 
100.5 899 87.115 61.983 
107.5 905 87.287 123.96 
108.5 gio 87.364 104.17 
109-5 914 87.345 84.388 
110.5 g18 87.329 84.746 | [ 91,474] 
TII.5 923 87.410 105-204 
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(Tabelle XI) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 
(Durchsickerung) 


losegefillt. Druck vorhanden. 


” gt ae 
t ei | 

Vv t Vv t—w t 
EE35 932 as eek 
E145 93 7-474 5-052 
115.5 g4i 87.559 107.066 [97-780] 
116.5 946 87.656 T1.089 
E75 950 87.640 83.682 
118.5 954 87.638 g0.gI0 
T19.5 959 87.728 102.040 
120.5. 963 87.789 90.910 [95-651] 
E21.5 g68 87.819 108.70 
122.5 973 87.910 { Lildek 
T2325 977 eo 88.889 
124.5 93 -099 133-33 
25.5 987 88.105 88.889 [106.194] 
126.5 992 88.198 113-64 
127.5 997 88.294 [TELE 
128.5 1002 88.393 113-64 
129.5 1005 88.316 68.182 
130.5 IOIO 88.412 113.04 [104.073] 
131.5 IOI5 88.514. 116.28 
132.5 101g 88.524 g0.gLo 
133.5 1024 88.626 116.28 
134.5 1027 88.555 697.67 
13555 1032 88.657 116.28 [101.852] 
136.5 1037 88.759 116.28 
137-5 1047 88.777 93.023 
138.5 1044 88.712 71.428 
139-5 1048 88.730 93.023 
140.5 1053 88.836 T19.05 [98-590] 
I4I.5 1056 88.773 71.428 
142.5 1062 98.963 142.80 
143.5 1066 88.988 95.238 
144.5 1071 89.096 I1g.05 
45-5 1075 89.121 97.502 [105.212] 
162 TI55 90.724 == [126.12] 
162.5 1156 90.684 — 
163.5 1162 90.876 153.85 
164.5 1167 90.989 E26. 2m 
165.5 aca tgpe 90.983 102.505 
166.5 1176 g1.138 131.58 
167.5 1180 QI.174 102.505 


168.5 1185 g1.289 128.21 
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(Tabelle XI) LEHMIGER SANDBODEN AUS DER PROVINZ MITO. 


(Durchsickerun g) 


Losegefillt. 


Druck vorhanden. 


“ 


Writ 


91-327 
92.757 
92.850 
93-019 
93-156 
93-276 
93-399 
93-293 
93-192 
Qu Lik 
95-135 
95-183 
95-166 
95.078 
94-993 
94.840 
94-757 


ie 
an 


[116,84] 
[146,43] 


[r18,14] 
[140,89] 


[71,750] 
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Bei der horizontalen Leitung war das eine Ende der Glasrohre 
mit einer dicken Schichte Quarzsand abgersperrt, welche von 
einer daneben stehender Zelle aus, in der das Wasserniveau 
constant erhalten war, mit Wasser fortwahrend getrankt wurde, 


sodass das Wasser sich wohl ohne erhebliche Druckdifferenz in 


der Flache der Wasserzufuhr durch den ganzen Querschnilt des 
untersuchten Bodens fortgepflanzt haben méchte. Bei der 
Durchsickerung wurde das Wasser auf dem untersuchten Boden 
mittelst eines Heberapparates constant 16 mm tief erhalten. 


. : 3 Se ek : 
Wie man sieht, zeigt sys wieder den theoretisch verlangten 
Aé 


Verlauf. Es nimmt zuerst entschieden ab und dann wieder zu. 
Bei der horizontalen Leitung dauerte die Zunahme bis zur 8 ten. 


a 
Aa 


Stunde und dann beginnt TR langsam aber stetig abzunehmen. 
4 


Eine solche Abnahine konnte aber bei der Durchsickerung nicht 
constatiert werden, wenn die an dem anderen freien Ende der 


ee : 
Rohre wieder auftretende Abnahme der we nicht als eine solche 
VA 


theoretisch verlangte Abnahme angesehen werden kann. 
/ 


a 
A 


ae a t 


’ 


Was den Quotienten anbelangt, so tbt, da der 


Nenner /¢+1—*/t bei grossen ¢ ein kleiner Bruch ist, die 


Abrundung der abgelesenen z auf ganzes Millimeter einen so 
schweren Einfluss auf den Quotienten aus, dass eine sprungs- 
weise Anderung desselben um 50% und noch mehr keine Selten- 
heit ist. Dennoch zeigt-sich bei der Aufsaugung mit leidlicher 
Scharfe, dass der eingeklammerte Quotient im allgeminen von 
dem nicht eingeklammerten differirt, dass die beiden Quotienten 
aber zwischen der 797 sten und 2g2 sten Stunden mit Ausnahme 
von ein Paar uneingeklammerten Quotienten ziemlich gut mit 
einander coincidiren, um dann bei wachsendem ¢ immer weiter 
von einander abzuweichen. 

Viel unregelmadssiger verlautt der Quotient fiir die Durch 
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sickerung, und fiir die horizontale Leitung schon, weil die 
Grenzschichte der Verdunkelung bei diesen beiden Bewegungs- 
arten weniger regelmdassig gestaltet ist, als bei der Aufsaugung. 
Dennoch bemerkt man, dass die in Rede stehende Coincidenz 
der beiden Quotienten bei der Durchsickerung innerhalb der 
20 sten und go sten Stunde, oder innerhalb der 55 stem und 60 
stet Stunde, und bei der horizontalen Leitung innerhalb der 
56 sten und 65 sten Stunde zu vermuthen ist. 

Nun besteht eine gewisse theoretische Beziehung zwischen 
den Constanten a mitlin auch a ftir die drei Arten Wasser- 
bewegung in einem und demselben Boden. Es sei a, diese 
Constante fiir die Durchsiekerung a, ftir die horizontale Leitung, 
und a, fiir die Aufsaugung. Man hat dann 


aj=a? +0? 
9 9 

at 

aa=a —b? 


gemiass der Theorie, die wir entwickelt haben. 
Hieraus folgt die Relation. 
2 


rors 


=a 


} 


zi =z 
Nun ist das arithmetische Mittel aller Werthe von We a 
fiir die Aufsaugung innerhalb der 197’ sten und 242’ sten Stunde 


33.228 
und wenn wir die beiden fast doppelt so grossen Werthe 57.497 
unk 59.880 ausschliessen 


29.089 
Das arithmetisehe Mittel aller Werthe von PE ev fiir die 
Durchsickerung innerhalb der 20’ sten und 25/ sten Stunde ist, 


104.091 
Nimmt man das arithmetische Mittel aller Quotientin inner- 
halb der 20’ sten und 30’ sten Stunde, so kommt 
IOT.QII 


Agar 


ae. rrr. Zeile 15 lies: 
2 2 
aoe rund. 
und Zeile 18 


(103.947)? + (29.089)? 


: = 5826 rund. 
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Scheidet man die beiden zu kleinen Werthe 59.941 und 70.708 
aus, so folgt 
103-947 
Das arithmetische Mittel aller Quoteinten innerhalb der 55’ 
sten und 60’ sten Stunde ist, 
102.060 
also ungefahr dieselbe Zahl. 


Das arithmetische Mittel aller Quotienten fiir die horizontale 
Leitung innerhalb der 56 sten und 65 sten Stunde ist 
77.206 
Es ist nun 
(77.206)°=5961 rund. 
(101.CI1)?-+ (33.228)? 


2 


=5653 rund. 


oder 
Goer Gee Reyes rund. 


2? 


oder, wenn wir die Werthe 59.941 und 70.708 auscheiden, wie die 
Werthe 56.497 und 59.880 
(103.947) + (29.089) 


=5933 rund. 


Die theoretisch geforderte Beziehung zwischen den Constanten a 
fiir die drei Bewegunsarten ist demnach annahrend erfiillt. 


Wenn wir bedenken, wie wenig Vertrauen der Werth der 
) 


Quotienten Tae verdient in Foige der Abrundung der z 
Nv 


auf ganzes Millimeter, wie gering die Wahrscheinlichkeit dafiir 
ist, dass die Fiillung des Bodens dieselbe Compaction bei den 
drei Versuchen gehabt, so kénnen wir nicht umbhin, dariiber 
tiberrascht zu sein, dass die beiden Zahlen nicht gréssere Diffe- 
renzen aufweisen. Vielleicht haben sich die durch die Abrundung 
begangenen Fehler, und die mit ¢ veranderlichen zweiten Glieder 


zuls zufallig ausgeglichen, und so diese 


) 
F Ze 
des Ouotiecnten ——____—— 
a/ t'—N t 
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etwas iiberraschende Ubereinstimmung herbei gefiihrt. Es wird 
darum noch nothig sein, an anderen Boden naher zupriifen, ob 
jene theoretische Beziehung zwischen den Constanten fiir die 
drei Arten Wasserbewegung auch fiir sie annahrend erfiillt ist. 

Wenn die Folgerungen einer theoreisch abgeleiteten Formel 
wenigstens qualitativ iiberall bestatigt werden, und in einen 
speciellen Fall numerische Priifung ertragen, wenn es gestattet ist, 
darauf hin auf die Richtigkeit der Theorie selbst zu schliessen, so 
glaube ich mich zu dem Schluss berechtigt, dass der theoretisch 
abgeleitete Ausdruck fiir die durch einen Boden for tgepflanzte 
Wassermenge (XII) sich der Wirklichkeit anpassen lasst, das 
daher die Grundannahmen, von denen ich bei der Ableitung 
der Differentialgleichung fiir die durch den Boden fortgepflanz- 
te Wassermenge ausgegangen bin, sich nicht allzu weit von der 
Wirklichkeit entfernt haben. 

Wohl hegt der Gedanke nahe, die drei Constanten a, b, c, 


mit den Werthen fiir FF innerhalb der Zeiten, wo jene 


Coincidenz der beiden Quotienten sich zeigt, zu bestimmen, um 


oe 
A 


zur genueren Zahl fiir a zu kommen, allein TE bewegt sich so 


langsam, und die Ungenauigkeit der abgelesenen z so gross, 
dass ein genauerer Werth fiir a auf dienem Weg nicht zu 
erlangen ist. 

Man konnte wieder den Weg einschlagen, die Grosse 2az gleich 


Da 


zu setzen dem Mittelwerthe aller Quotienten a innerhalb der 


Zeiten, fiir die das Kriterium sich erfillt, und die tbrig 
bleibenden zwei Constanten mittelst zweier moglichst weit 
abstehenden Daten bestimmen. Fiir die Aufsaugung kann man 
in der That auf diesem Wege einen Werth fiir @ erhalten der 
nur weing ndmlich in den Decimalstellen von dem Mittelwerthe 


mor . . 
aller Quotienten aleve differiert, und wohl den Anspruch 
—Av L 
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auf die grodssere Genauigkeit erheben darf, Allein; dieser Weg 
giebt fiir a@ der Durchsickerung einen so grossen Werth und fir 
a der horizontalen Leitung einen so kleinen Werth, dass die 
theoretisch geforderte Beziehung zwischen den Constanten der 
drei Arten Wasserbewegung nicht einmal in roher Annahrung 
enfiillt wird, eine Thatsache, die beweist, dass die Grd6sse 


Ta aa) bei diesen Bewegungsarten nicht mehr mehrere 
tunden hindurch als ein kleiner Bruch angesehen werden 
kann. 

Wenn man sich aber zur Charakterisierung eines Bodens in 
Bezug auf sein Vermodgen Wasser fortzupflanzen, mit den 
Ziffern hoherer Stelle begniigen will, so wiirde eine solche 
Lange 
J Zeit | 
sein, dass man die Bewegung der Grenzschichte der Verdun- 
klung von dem Zeitpunkt ab, wo die Bewgung mit fast con- 
stanter Geschwindgkeit vor sich geht, durch miéassig grosse 
Zeit moglichst scharf verfolgt, und die Stelle ermittelt wo 
is A ungefahr denselben Werth Zeigt, gleich viel ob man 
Vt—w t 
/t—v t. gross nimmt, oder klein. Der Mittelwerth aller, 


Zahl, deren Dimension [ ist, dadurch zu ermitteln 


} 
. Ee, . . . 
Quotienten —_~— innerhalb der so ausgezeichneten Zeiten 
/t—wv t 
P _ ieee aye . 
wiirde ungefahr mit —— identificiert werden kénnen. 
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On the Nature of Japanese Farcy, an Enzootic Skin 
Disease of the Horses and Cattle 
of Japan. 


BY 
H. Tokishige, /uigakushi. 


Under different synonyms, Japanese farcy (/zso0), pseudofarcy 
(kasei-hiso), equine pox (#ds0), equine syphilis (asa), inundation 
fever (gézut-netsu), yakume (=duty), dekime (=eruption), z70- 
chitor¢ (=fatal), &c., there is known a special kind of skin disease, 
which prevails among the horses and cattle of Japan, and which 
is, among infectious diseases of our animals, the most devastating. 
As the symptoms of this disease are more or less allied to those 
of malleus farciminosus, so it is popularly known as farcy (fzso), 
and, in fact,in the Regulations for Contagious Diseases of 
Antmals, issued in 1886 and amended in the previous year, this 
disease is treated in the same way as genuine glanders and farcy. 

To our farmers and empirics this disease has been known 
from old times, under the vulgar names of kasa, hoso, &c.; and 
it has been supposed to be identical with small pox or syphilis in 
mankind. They believe that horses, especially foals must, in the 
natural course of things, contract this disease ; but that, when 
once it is safely passed through, the animal becomes not only 
immune against further infection, but is stronger and more robust 
in constitution than before. Most farmers are well pleased when 
farcy is got over, saying,—‘‘ My pony has done his duty.” Owing 
to this superstition, those horses which have had farcy are more 
highly esteemed than those which have not yet had it. This. 
fact is sufficient to show how wide-spread this enzooty is. 

Formerly the disease was known only in the north-eastern 
part of Japan, more especially in Sendai and the neighborhood. 
Later on, the disease gradually spread over a wider area towards 
the south-west, and at present it is found in nearly all the pro- 
vinces of Japan. It prevails especially in low marshy districts 
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and after inundations, more in rainy years and seasons than in 
dry, more in cold seasons than in hot. 

The ancient history of this disease is quite unknown. We 
find in Chinese literature a description of a skin disease, called sé 
[¥#] or wo [FF], which is apparently similar to our farcy, but the 
nature, as to be explained presently, seems to be different. Our 
veterinary literature of old times is mostly a translation of the 
Chinese ; hence nothing new is to be found init. It seems, how- 
ever, generally accepted that this disease is not of recent origin, 
but can be traced back to many hundred years ago, and was 
originally known only in the north-east. It is also reasonable to 
suppose that Japan was originally free from this disease. From 
whence was it imported? We might naturally suppose that it 
came from China or Korea ; but the following facts go to disprove 
this presumption. 

Peuch and others have mentioned, under different names— 
Jarcin de riviere, farcin corde, farcin &@ Afrique, lymphangite 
Jarcinoide, erysipéle chirurgical, &c., &c.,—a skin disease of 
horse prevailing in Africa and the sourthern parts of Europe. 
According to the descriptions of these authors it is perhaps 
identical with our farcy. Chinese farcy, on the other hand, 
which was first observed by us in imported Chinese ponies, was 
always true farcy-glanders. Viewed from these facts and from 
the mode of propagation from the north to the south or to those 
provinces in which there was intercourse with Chinese and other 
foreigners from old times, it is reasonable to suppose that our 
farcy came not from China but from some other countries. 
Whether it came from Africa or from Europe*, and in what way, 
is a question which can not be decided. 

The nature of this disease remained totally unknown until 
1888. At that time experiments were conducted in Sendai by 
special commisioners, among whom were Drs. Yokura, Miura, 
Ikeda, and Tokishige ; they found characteristic bacilli identical 
with Schitz-Loeffier’s bacillus. Later on a second kind of patho- 
genic germ, a kind of Saccharomyces, was found by the author in 
the horse as well as cattle patients affected with Japanese farcy. 
We are now pretty well justified in saying that Japanese farcy is 
mostly a saccharomycotic affection, though there may also be 


* Date Masamune imported Persian horses to the north-east of Japan. 
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some cases of true farcy. Some preliminary remarks on this 
subject have already been published in the Fournal of the Central 
Veterinary Association of Fapan, and its reference in the Central- 
blatt fiir Bakteriologie und Parasitenkunde}. We shall first 
treat of farcy in horses, and before we enter upon a definitive 
statement we will enumerate the chief cases, actually examined. 


I. In Horses. 


CASE I.} 


In July 1886 we were supplied with farcy matter from the 
Military Veterinary Hospital. In the content of farcy boils we 
found many diplococct, and a number of oblong corpuscles 
faintly stained with gentiana violet. Later we ascertained that 
these corpuscles were pathogenic saccharomyces, which are 
found in most cases of Japanese farcy. 

A sheep was inoculated subcutaneously with farcy matter. 
Shortly after the inoculation, a strong local inflammatory swel- 
ling and suppuration were observed ; these symptoms, however, 
soon subsided and disappeared. There was xo trace of infection. 


CASE II. 


Chestnut stallion, 6 years old, observed 9-22 May, 1887. 

This horse had only a few farcy boils. The contents of the 
boil were collected with antiseptic precautions, and the following 
animal was inoculated. 


Inoculation of an old stallion. He was inoculated three 
times : the first time on May 18th, on the left side ; the second 
time on May 2ist, on the right side, and the third time 
on July 13th, on the right side of the septum nasi. The material 
for the last was obtained from another farcy patient. Changes 
were as follows:— 

On the second day after the second inoculation, there was 
a profuse discharge of transparent mucus from both nostrils. 
On the 5th day both intermaxillary glands swollen, hot 


+ The Fournal of the Centr. Vet. Assoc. of Fapan, vol. VI, No. 1,2&3, 1893. [Hye 
Be Cre au 5 St == J =4R] Centralblatt f. Bakteriologie, X1X Band, No. 4/,. 
+ Casuistics are arranged according to the date of observation. 
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and painful to the touch. On the 7th day a pea-sized fungoid ulcer 
appeared at the inoculated place on the right side of the septum. 
On the 11th day appeared a pearl-cord-swelling arising from the 
intermaxillary space, which was then much swollen, extended 
over the maxillar border to the masseteric region, and showed 
partial fluctuation. On the 12th day the abscess opened of itself 
and evacuated abundant pus. After that the swelling and nasal 
discharge diminished day by day and the case terminated in 
complete recovery. 

After the third inoculation, there was, for some time, only 
mucous discharge from both nostrils ; 31 days after the inoculation 
appeared at /ocus tnoculationits a big fungoid and many smaller 
similar ulcers, and a transparent mucous discharge from both 
nostrils. On the 65th day the ulcers became confluent, forming 
an extended ulcer, 2 inches in diametre. On the 115th day many 
minor ulcers appeared around the chief ulcer, which was then 
much enlarged; nasal discharge stopped, and a_pea-sized 
ulcer and a hazelnut-sized nodule appeared at regzo buccalis, 
close to angulus orts dexter. After that time the morbid process 
became regressive ; on the 184th day the animal was apparently 
recovering. On May 11th the horse was destroyed and dissected. 

Postmortem appearance:—Locus tnoculationis of nose show- 
ed an indistinct cicatrization. Both kidneys showed multiple 
herds grey white in color, hard and fibrous. Microscopically 
they consisted of connective tissue, in which a few rudimentary 
urinary tubes were visible. To the nature of this change we will 
advert later on. No other change due to the inoculation, 


CASE Iitl. 


Old bay mare of indigenous breed, observed from February 
to May, ’88. 

Clinical remarks :—Reduced condition. Some subcutaneous 
nodes of walnut-hazelnut size on the breast, the right thoracic 
wall along the spur vein, and on the xyphoid region. The 
case was observed for some time, but neither progressive nor 
regressive changes were recognized. Destroyed on May 7th 
and dissected on the 8th. 

Postmortem appearance:—The subcutis of breast, chest, and 
xyphoid region showed nodules loosely connected with the sur- 
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rounding tissue; each nodule consisted of a fibrous capsule 
containing cheesy matter inside. In both kidneys numerous 
herds of sinapis-hazelnut size, yellowish white in color, hard, 
fibrous, and even cartilaginous, and prominent over the surface 
of the organ, which looked knotty and uneven. On the cut 
surface the herds appeared trapezoidal or pyramidal, some were 
irregular in form, and they were exclusively situated in the 
cortical substance. Many small nodules were also found in the 
depth of the cortex. The right posterior lobe of lung show- 
ed a circumscribed subpleural thickening; otherwise lungs 
were normal. The remaining organs free from nodules or 
metastasis. 

Microscopically no special microbe could be found in the 
content of subcutaneous nodules or in the renal “erds; the nodule 
contained fatty detrztus mixed with lime, the renal eras consist- 
ed chiefly of fibrous tissue enclosing some rudiments of uriniferous 
tubes. 

Inoculation :—TYwo guinea pigs, inoculated subcutaneously 
at the inguinal region, with the erds of lungs and kidneys, 
showed no reaction. 


CASE Iv. 


Bay stallion, 2 years old, observed in June 1888. 

Clinical remarks :—Farcy changes on the lips, the zygo- 
matic and masseteric region, on the left side of neck, should- 
er, extremities, praeputium, and also on the chest and abdomen ; 
only the right side of neck and perineum were free from farcy. 
Muco-purulent discharge from both nostrils ; the Schneiderian 
membrane especially on the right side showed exaggerated 
ulceration. Conjunctiva pale red, swollen, and covered with 
purulent secretion. Nutrition bad, extreme emaciation, and dif- 
ficulty in moving. Temperature 39.1°C., pulse 68, small and ir- 
regular, respiration 9, very difficult, and blowing at the nose ; 
lessened appetite. Physical examination of the chest negative. 
The horse was destroyed on June 16th, 10 a.m. 

Postmortem appearance :—Numerous nodules in the subcutis: 
they were partly hard, and the cut surface greyish white or red- 
dish grey; partly softened containing creamy pus. Subcutis 
of the right anterior extremity showed reddish serous infiltration, 

Lymphatic glands of axillary, cervical and inguinal regions 
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in medullary swelling, but free from nodules; the inter- 
maxillary glands not at all affected. The Schneiderian 
membrane on both sides covered with polypous or fungoid 
new formations and ulcers of different size and shape, miliary, 
linseed, pea to coin size, and partly hidden behind the turbinated 
bones. The right false nostril entirely blocked up with such 
new formations ; larger nodes showed partial softening. Sinus 
and Eustachian valves and the remaining portion of tubus respira- 
torius free from affection. The right testicle contained a 
number of serds of pea-hazelnut size, having the same 
appearance as subcutaneous nodules, quite circumscribed and 
spherical in form; the cut surface looked like that of round-cell- 
sarcom: similar nodules also found in tunica vaginalis communis 
and epididymis. The left testicle contained only 2 nodules, 
while the epididymis was full of them. Remaining internal or- 
gans and articulations free from affection. 


Microscopically we found in the preparation stained with 
Loeffiler’s methylene blue, granular aggregations, which were, as 
later on ascertained, the grazus of saccharomyces. 

Culture experiment on the potato pudding was negative. 

Inoculation of guinea pigs : 

Guinea pig No. 1 inoculated on June 15th with nasal discharge. 
On the next day, observed a strong local inflammatory reaction, 
weakness and lessened appetite; inoculated part distinctly 
swollen. From the 3rd day the swelling gradually decreased 
and the animal became more active. On the 5th day the animal 
was destroyed, and autopsy revealed local suppuration and slight 
enlargement of plica gland. No internal change. 

Male guinea pig No. 2 similarly inoculated. At first, the 
symptoms were the same as in No. 1. Complete recovery on 
July 18th (33 days after inoculation). 


On June 16th the following guinea pigs were inoculated ;— 
No. 3 with the nodule of testicle. 
No. 4 and 5 with the new formation of nose. 
No. 6 with the hyperaemic lung tissue. 


These 4 guinea pigs reacted nearly in the same way as in No, 
2; the lymphatic glands were distinctly swollen, but no abscess 
was formed. 
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GASH Ia 


Light bay stallion, 4 years old, observed in July, ’88. 


Clinical remarks :—<According to anamnesis the first change 
appeared in January ’88, at the xyphoid region, whence it spread 
over the breast, scrotum, penis, back, &c. Status praesens was 
as follows ;—extremely meagre; temperature 39°C., respiration 
17, pulse 65 and irregular. Nodes and ulcers, characteristic of 
Japanese farcy, over the body, especially on the front, lips, 
axillary region, anterior extremities down to phalanges, back, 
chest, right side of haunch, xyphoid region, scrotum, penis, and 
the thigh of both posterior legs; the right tarsus uniformly 
swollen. The Schneiderian membrane on the left side ex- 
tensively ulcerated, while on the right side it showed only a 
few ulcers : destroyed and dissected on July 23rd. 


Postmortem appearance:—Many nodes found in the subcutis 
more especially of shoulders and of the internal surface of 
posterior extremities. In the latter, the intermuscular tissue 
and periost were also affected. Lymphatic glands of intermaxil- 
lary, inguinal, pubic and femoral region were swollen. The left 
testicle and epididymis contained plenty of characteristic herds 
of pea to hen egg size ; many of the same herds were also found 
in the right epididymis and spermatic cord, and a few in the 
proper testicle. Both nose cavities extensively ulcerated ; three 
ulcers of hazelnut size in the frontal sinus. Internal organs free 
from changes. 


Microscopical appearance was the same as in the preceding 
case. 


Lnoculation:—Guinea pigs No. 7 and 8 were inoculated, on 
June 22nd with nasal discharge, No. g—12, on June 23rd with 
metastatic herds of testicle, and No. 13 and 14, with ulcerative 
tissue of nose. Results were as follows ;— 


No. 7, inoc. with nasal discharge. On the 3rd. day redness 
and swelling appeared at the /ocus ¢noculationis ; on the 5th day, 
preputium and scrotum swollen. 9th day, an ulcer appeared on 
the scrotum; the left plica gland swollen and hard, 2 cm. 
in diameter. The right plica gland also swollen, and it 
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continued to the thigh. On the 13th day, the animal was 
destroyed for dissection. Postmortem revealed suppuration of 
the left plica gland, no internal changes. 

No. 8 and g, with nasal discharge resp. the serd of testicle. 
Course nearly the same as in No. 7. No. 8 recoverd; No. 9 
destroyed and dissected on August 4th; neither local nor internal 
changes observed. 

No. 10, with the herd of testicle. Slight glandular swelling, 
which disappeared in a fortnight. July 20th, the animal died from 
acute gastroenteritis. Postmortem revealed 3 small abscesses at 
locus tnoculationis ; no internal change. 

No. 11, with the “erd of testicle. Course was nearly the same 
as the preceding. Died, on July 2oth, from acute gastro-enteritis. 
Postmortem revealed hyperplasia of plica gland; no internal 
change. 

No. 12, with the herd of testicle. Course was nearly the same 
as the preceding. Besides inguinal glands, udder swollen, and 
hazelnut-sized abscess appeared at Jocus tnoculationis.. Com- 
plete recovery afterwards. 

No. 13, with w/cus masz. Course and termination the same 
as in No. 10. 

No. 14, with wlcus nasz. Besides the usual inflammatory 
reaction, a pea-sized abscess appeared at the wound border. 
Destroyed and dissected on June 28th. Autopsy revealed local 
abscess and slight swelling of plica gland ; no internal change. 

Culture experiment with pus from guinea pigs No. 7, 10 and 
14 negative in results. 


CASE VI. 


Light bay stallion, middle age, observed in June, ’88. 

Clinical remarks :—Good condition. Characteristic farcy 
eruption at the thigh of the right posterior extremity, the 
sheath of penis and scrotum: the ulcers in the skin fungoid, 
on the scrotum hollow and funnel shaped; both covered with 
yellow scabs. Destroyed and dissected on June 25th, ’88. 

Postmortem appearance:—Changes found besides in the 
external skin, in the glans and corpus penis, where the ulcers 
looked funnel like, the cavity being blocked up witha greyish 
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white smeary mass (wound secretion + smegma). The right 
femoral gland swollen and partly turned to abscess; both 
inguinal and preputial gland swollen to fist size; the 
cut suface greyish white and medullary; the left testicle 
contained a walnut-sized herd, full of fatty detritus ; many 
miliary to pea-sized nodules in the epididymis. The right 
epididymis also affected as on the left side; the testicle 
contained only a few small nodules. In the liver a metastatic 
abscess of linseed size containing pus donum: but neither 
haemorrhagic nor degenerative zone around it. In the right 
nose cavity, a linseed-sized nodule. Remaining organs without 
special changes. 
Culture experiment of pus negative. 


Inoculation of guinea pigs:—The result nearly the same 
as in the preceding case. Generally in the first week an acute 
inflammatory swelling appeared locally, and in most cases from 
the 5th-7th day followed a swelling of the plica gland with more 
or less intensity. 


Male guinea pig No. 15, inoculated with the content of a 
farcy boil, showed slight swelling of plica gland. 


Male guinea pig No. 16, inoculated with farcy product of 
testicle, showed a little stronger reaction. The right plica 
gland was swollen to hazelnut size; the left gland also a little 
swollen. 


Male guinea pig No. 17, with farcy product of testicle. 
Local swelling extended over the scrotum. 

In these cases the swelling of lymphatic gland went rather 
quickly over, and there was no evidence of suppuration. 


Inoculation of horses:—Bay stallion No. 1, 6 years old and 
apparently healthy. On June 25th farcy matter (ulcerative tissue 
and abscess-content) inoculated in the nose and subcutis (in the 
nose a scarification was made on the right side of septum nase 
and morbid matter was rubbed into it. The subcutaneous inocu- 
lation was made on the right side of the chest.) On the next 
day, a strong swelling appeared on the chest, and purulent dis- 
charge from the nose ; these symptoms persisted for many days, 
whereby the condition was reduced. On July 14th (19th 
day after inoculation) the surrounding part of the wound 
showed an induration: still purulent mucous discharge from the 
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nose. On July 18th (23rd day) nasal discharge ceased, and there 
was no lesion in the Schneiderian membrane: on the chest, a 
thumb-sized induration still persisting. July 27th (32nd day), at 
the upper part of the subcutaneous induration, an egg-sized ulcer 
appeared with profuse granulation. The ulcer gradually increas- 
ed in size until July 31st ; afterwards it became smaller day by day, 
and on August 8th it was 3 cm. long and 1 cm. broad, yielding 
a little yellowish semitransparent fluid. On August 1oth the 
horse was destroyed and dissected: internal organs were quite 
healthy. 

Bay mare No. 2, 4 years old, inoculated on July 25th, in 
the same way as No. 1. Local reaction also nearly similar, 
and skin wound completely healed on July 14th. No special 
changes in the nose. 


CASE VII. 


Black bay stallion, 4 years old, observed in June, 1888. 

Clinical remarks:—Condition meagre ; characteristic nodes 
and ulcers at the right cervical region, both shoulders and 
anterior extremities down to fetlock, both posterior extremities, 
sacral region, &c. Destroyed and dissected on June 28th. 

Postmortem appearance :—Besides cutaneous and_ sub- 
cutaneous changes, there were some ulcerative nodules in the 
nose cavity and a few nodules in the epididymis; lymphatic 
glands normal. 

Inoculation of 5 guinea pigs (No. 18-22), on June 28th, with 
ulcerative tissue of nose and metastatic nodules of epididymis. 
Besides local inflammatory changes, in 4 guinea pigs, more or 
less swelling of plica gland appeared, but this swelling afterwards 
subsided. Two of the animals died on July 15th from acute 
gastroenteritis ; the internal organs free from farcy changes. 


CASE VIII. 


Light bay stallion, 4 years old, observed in June ’88. 

Clinical appearance :—According to axamunests first symptoms 
of farcy appeared in the previous December, on the right 
shoulder, whence it extended over the abdominal wall, 
both posterior extremities, and at last over the left anterior 
extremity. Nasal discharge was first noticed in May (1888). 
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Status presens on June 29th ;—farcy eruption on the head, right 
shoulder, thorax, both anterior extremities, right hypochon- 
drial and sternal region, left hind quarter, both thighs, hock 
joint of the left posterior extremity, praeputium, &c. The left 
anterior extremity, right carpus and both posterior extremities 
swollen; intermaxillary glands slightly enlarged and hard 
to the touch. Bluish yellow mucous fluid discharged from both 
nostrils ; many ulcers visible in the m.m. of both nose cavities. 
Temperature 39.1°C. Destroyed and dissected. 


Postmortem appearance:—Many ulcers in nose cavities; 
nodular serds in both testicles; plenty of miliary nodules in 
lungs. 


Inoculation of guinea pigs on June 2oth. 


Male guinea pig No. 23, inoculated with pulmonary nodules, 
showed, from the next day, a local inflammatory swelling. 
July 7th (9th day), the plica gland swollen to pea size, and 
on the 16th (18th day), to hazelnut size ; the swelling afterwards 
reduced, and on July 25th (27th day) it became again of pea size. 
On August 10th (42nd day), quite healthy. 

Male guinea pig No. 24, inoculated with nodules of lung, 
showed, from the next day, a strong local inflammation, and then 
a swelling of plica gland to pea size. July 23rd (25th day), the 
animal died from gastro-enteritis. Autopsy revealed a small sup- 
purative herd in the swollen plica gland. Czxlture experiment 
of the pus on bacillus mallet was negative. 


Male guinea pig No. 25, inoculated with nodules of lung. 
Local and glandular symptoms nearly the same as the pre- 
ceding but slighter in degree. Result: recovery. 

Male guinea pig No. 26, inoculated with ulcerative tissue 
of nose. Local and glandular swellings stronger than in the 
preceding. Plica gland swollen to hazelnut size; afterwards 
complete resorption. 


CASE: Ix 


Bay stallion, 6 years old, examined on June 30th, 1888. 

Clinical remarks -—According to anamnests, the first farcy 
nodes appeared, in January, on the right thorax, breast, axillary 
region, and then on the inferior belly. From April the nose 
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was affected and thenceforth the condition more or less. 
reduced. Status praesens ;—medium condition; polypous or 
fungiform nodes (1-3 cm. heigh) on dorsum nasi and at the 
inner angle of the right eye; they were hard and painful 
to the touch. Many the same eruptions scattered over the in 
ferior border of neck, anterior breast, lower part of lateral wall 
of chest, shoulder, back, hip, right flank, &c. From the right 
nostril discharge of greyish transparent fluid, and in the depth 
of this cavity an elongated ulcer 2°5 cm. long and 1 cm. 
broad, covered with a yellowish white crust; on removing 
the latter many irregular granulations in the bottom of the ulcer 
visible. 

Postmortem appearance :—Characteristic ulcerative changes 
in the Schneiderian membrane on both sides of nose; many 
nodular herds in testicles, and some metastatic abscesses in 
the liver. Lymphatic glands free from affection. 

Inoculation of guinea pig No. 27, with ulcerative tissue of 
nose. On July ist (2nd day) locus tnoculationts red and swollen ; 
July 2nd (3rd day), the plica gland swollen to pea size. 
July 15th (16th day), scrotum together with the left testicle 
(inoculated side) distinctly swollen. July 19th (20th day), the 
swollen testicle no longer dislocable. July 22nd (23rd day), the 
testicle was more swollen attaining the size of a hazelnut, painful 
and showing partial fluctuation. July 28th (29th day), the animal 
destroyed and dissected. Necropsy revealed a suppurative 
destruction of the anterior half of the left testicle, forming an 
abscess of hazelnut size; swelling and fpartzal suppuration of 
the plica gland, and one miliary nodule in the spleen. 

Culture experiment:—On potato pudding, which had been 
infected with the content of the testicle-abscess from the guinea 
pig No. 27, appeared, after 48 hours, a white zone around the 
inoculation, and on the 4th day the latter showed a reddish brown 
color. On the 6th day a distinct vegetation of a reddish brown 
colony appeared, which became gradually prominent and at the 
same time spread over the surface of the medium, and on the 
18th day the colony attained a horizontal dimension of 3 cm. 
The same culture was again obtained from the content of the 
glandular abscess. By recultivation on fresh medium, the 
vegetation became easier and more vigorous ; thus, the 2nd gene- 
ration showed a distinct vegetation on the 3rd day, and the 3rd 
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generation on the very day after inoculation. The colony on the 
potato medium was composed of very small and short bacilli, 
smaller than the tubercle bacilli; they performed, in a hanging 
drop, an active vibratoy movement, and were not easily stained 
with Loefier’s blue, but better with Zzeh/’s solution: they were 
very liable to undergo involution, soon assuming a dumbbell 
or diplococcen-like, form, after which the staining became 
much more difficult. In the pus of an inoculated guinea 
pig they appeared larger and longer, even longer than the 
tubercle bacilli, and afforded, when stained, a_ charateristic 
interruption of colour. This microbe was not cultivable directly 
from the horse, but always through the medium of experimental 
animals, and was pathogenic to the guinea pig and horse, as seen 
in the following experiment : 


Lnoculation of guinea pigs with pure culture of the bacilli ; 
the result was as follows ;— 


Male guinea pig No. 28, inoculated on August 7th, ’88, 
showed on the next day strong local inflammatory reaction, the 
praeputium, scrotum, &c. being swollen, reddish, and painful, 
and a bloody purulent discharge from the wound. These acute 
symptoms gradually subsided, while the general condition was 
getting worse day by day. On the 8th day after inoculation, the 
inguinal gland was swollen to pea size, and three nodules, and 
an ulcer appeared on the scrotum. On the 13th day the right 
carpal joint was found swollen, reddish, and painful, and another 
small ulcer appeared on it; afterwards the swelling became 
larger. On the 16th day the animal was destroyed and dissected: 
a small abscess in the scrotum, and an induration of para-articular 
tissue of the right carpus, with collateral oedem in the surround- 
ing tissue; the parenchym of testicles, lymphatic glands and 
internal organs free from affection. 


Male guinea pig No. 29, inoculated on August 7th, ’88. 
Acute symptoms in the Ist stage similar to No. 28, On the 
8th day after inoculation a pea-sized ulcer was found at Jocus 
tnoculationis; onthe oth day the animal was destroyed; the 
postmortem revealed only local ulceration, no internal change. 

Male guinea pig No. 30, inoculated on August 7th, ’88, 


showed the same symptom in the beginning. On the 8th day 
after inoculation 2 small abscesses at the sheath of penis and 
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scrotum were found; on the oth day the animal was destroyed and 
dissected, and the postmortem was similar to No. 29. 

Male guinea pig No. 31. Inoculation-date and the first 
symptoms were the same as in the preceding. On the 8th 
day a dry ulcer appeared at the Jocus tnoculationis ; on the 13th 
day both carpal joints, scrotum and the sheath of penis swollen, 
and the latter partly fluctuating; on the 16th day an ulcer 
appeared on the dorsal surface of carpus. The postmortem 
was nearly the same as in No. 28. 

Male guinea pig No. 32. Inoculation-date same as the 
preceding. Reaction was similar to No. 29. 

From the pathological products of the above mentioned 
guinea pigs, we obtained always a pure culture of the same 
bacillus as the original. 

Lnoculation of experimental horses with pure culture :-—A 
stallion of Japanese breed No. 3, 3 years old, quite healthy, was 
inoculated, on August oth 7 a.m., with pure culture, in two places, 
in the subcutis of the right shoulder and in the mucous membrane 
on the right side of the septum nasz. Onthe next day temperature 
38.3°, pulse 64, respiration 34-35, profuse purulent discharge from 
the right nostril; inoculation place of the right shoulder was 
swollen to the size of an apple, but the horse was still active. 
On the 3rd day temp. 40.6°C., pulse and resp. also accelerat- 
ed; profuse purulent discharge from both nostrils ; subcutaneous 
swelling increasing, and both intermaxillary glands a little 
swollen. On the 4th day temp. 39.3°C., and the scarified wound 
of nose changed to a big ulcer, 3 cm. in diameter. On the 
5th day temp. 39.3°C., pulse 56, resp. 11; the subcutaneous 
swelling smaller and flatter, and the inoculation—wound gaping 
covered with yellow scabs; nasal discharge lessened. On the 
6th day temp. 39.2°C.; on the 7th day temp. 39°.C., both in- 
termaxillary glands enlarged to thumb-size, but still dislocable. 
In the whole course the horse showed lessened appetite and 
fell gradually in his condition, and at last, on the 8th day, the 
horse was destroyed for dissection. Awtopsy: ulcerative destruc- 
tion of the Schneiderian membrane on both sides of septum 
vast, and swelling (medullary) of intermaxillary gland ; internal 
organs free from changes. 

Young stallion of Japanese breed No. 4. Inoculated also on 
August 9th 7. a.m., on the right side of nose and on the right 
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shoulder. On the 2nd day temp. 38.6°C., pulse 45, resp. 20; local 
symptoms similar to the preceding. On the 3rd day temp. 
40.2°C. ; purulent discharge from the nose and skin wound ; in- 
termaxillary gland swollen. On the 4th day temp. 39.1°C. On 
the 5th day temp. 38.8°C., pulse normal, respiration a little 
difficult ; /ecus tnoculationts of shoulder much swollen; ulcera- 
tion in the mucosa of nose, and appetite diminished. On the 7th 
day the cutaneous swelling a little reduced, while adjacent 
lymphatics were swollen to finger size, leading from the in- 
oculated focus up and downwards ; intermaxillary glands swollen 
to thumb-size. On the toth day 5 nodules appeared at the 
anterior border of neck and many ulcerative nodes of pea-hazelnut 
size, at the margin of the right nostril. Soon destroyed for 
dissection. 

Postmortem appearance :—Local suppuration and ulceration. 
Lymphatics on the right shoulder in suppuration. Changes in 
the nose and intermaxillary gland similar to the preceding. 

Young stallion of Japanese breed No. 5. Inoculated in the 
saine way as No. 4. Onthe roth day destroyed for dissection ; 
_nearly the same changes as the preceding. (As these experiments 
had been conducted in Sendai and discontinued for want of time, 
further observation was impossible.) 

Old stallion of Japanese breed No. 6, inoculated with 
pure culture on Sept. 19th on the right side of septum nasz and in 
the subcutis of the left thorax. 2nd day (after inoculation), locus 
tnoculattionts of thorax was swollen and painful; the nasal 
wound was covered with a yellow crust; no abnormal dis- 
charge. 5th day, bloody purulent discharge from the thoracic 
wound ; a big ulcer appeared at the locus tnoculationts of nose, 
and the intermaxillary gland a little swollen. 6th day, the 
ulcer of nose getting larger and both alae nas? swollen. 
8th day, the thoracic swelling more extended, and a cord-like 
swelling appeared over the shoulder; nasal ulcer much more 
enlarged ; from both nostrils discharge of stinking, purulent 
mucous fluid ; left anterior fetlock swollen, and hind quarters 
weak ; death on the roth day after inoculation. 

Postmortem appearance :—Condition bad and anaemic. At 
locus inoculationis of thorax an abscess filled with thin 
ichorous pus, from this abscess a varicose swelling leading 
forwards over the shoulder. In the mucous membrane of the 
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septum nast and turbinated bones of the right nose cavity, 
numerous miliary to pea-sized ulcers, each surrounded with a 
hyperaemic or haemorrhagic zone, the bottom looking yellowish 
and lardy. . Im ithe lungs numerous nodes of pea-hazelnut 
size, each node looking greyish yellow, quite circumscribed 
and round in shape; the superficial nodes surrounded with 
a red or blackish red zone. The mucous membrane of trachea 
and larynx hyperaemic. In the larynx coin-sized haemorrhagic 
erosions, and in the trachea many small haemorrhages. The 
subcutis of the right posterior fetlock with serous infiltration ; 
the intermaxillary gland slightly swollen. 


5 guinea pigs (No. 33-37) inoculated with nodular herds of 
the lungs from the stallion No. 6, 2 of them died, within 2 days, 
from acute septicaemia, due to mixed infection with oedem 
bacillus and streptococcus. The 3rd died on the 10th day with 
symptoms of acute glanders. Postmortem revealed ulcerative 
changes in the nose, ulcerative destruction of scrotum and 
praeputium, and slight medullary swelling of plica gland. The 
4th (No. 36) died 42 days after inoculation. Postmortem showed 
ulcerative destruction of the local skin and subcutis, suppurative 
herd in the plica gland and in the left testicle, and numerous 
millet to pinhead-sized, grey white nodules in the spleen, liver, 
lungs, and even in the pancreas. No. 37 (the 5th) died 62 days 
after inoculation. Postmortem appearances were more con- 
spicuous than in the preceding ; we found, besides local ulcerative 
destructions, ulceration in the mucous membrane of nose, 
formation of abscess in the inguinal, axillary and lumbar 
gland, and grey white nodules in lungs, liver, and_ spleen. 


From the guinea pigs (3rd-5th) pure culture of original bacillus 
was obtained. 


Anold stallion No. 7 inoculated, on July Ist, with pure culture 
on the right side of nose and on the right shoulder. After 
inoculation appeared a local suppuration. On Oct. 25th (115 days 
after) the horse was destroyed and dissected. Postmortem : 
a few nodules in the lungs. 


The same generation of the bacilli has repeatedly been in- 
oculated in a great number of experimental animals. In the 
course of time the virulency of the bacillus was gradually 
weakened; the reaction being mostly limited to the locus in- 
oculationts. 
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GAS ak. 


Bay stallion 8 years old, observed on June 30th, ’88. 


Clinico-anatomical appearances :—According to anamnests 
the horse had been suffering from farcy since December ’87, 
its condition getting gradually worse. Status praesens :— 
Characteristic eruptions over the whole body including the ears; 
extremities, especially the right posterior, much swollen, the 
skin being destroyed by ulceration, covered partly with bad 
stinking secretion and partly with yellow-brown or reddish 
brown scabs; temp. 39.6°C. Postmortem section revealed ulcera- 
tive changes in the nose and nodular feds in the testicles. 


Lnoculation of guinea pig (No. 38) with morbid tissue of 
testicle. Locus tnoculationis was swollen for some time: this 
swelling soon subsided and the wound quickly healed. 


CASE. 


Black bay mare, 6 years old, observed on June 2nd, ’88. 


Clinico-anatomical appearances :—TVhis was a slight case, 
there being a few nodular ulcers on the right posterior extremity. 
According to avamnests the owner first noticed the disease 
this spring (88) ; since that time neither progression nor regres- 
sion. Postmortem revealed a few nodules and ulcers in the 
Schneiderian membrane. 


No znoculation. 


CASE XII. 


Fallow stallion, 8 years old, observed on July 3rd, ’88. 


Chintco-anatomical appearances :-—Meager stallion with 
characteristic eruptions on both sides of face, both shoulders, 
down to the axillary region, in the posterior extremities, 
especially on the left side, and onthe scrotum. Discharge of 
reddish fluid from nostrils, and in the Schneiderian membrane 
of both nose cavities ulcers of lentil to pea size. According to 
anamnesis this horse was affected twice during the previous 
year and was successfully treated. At the end of the last year 
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he took the disease the 3rd time and the latter still persisting. 
Postmortem section: polypous ulcers in the Schneiderian mem- 
brane, pharynx, and on the posterior surface of epiglottis, and 
numerous medullary herds in both testicles. 


No znoculation. 


(CASS: SGU 


Bay stallion, 7 years old, observed on July 3rd, ’88. 

Clinico-anatomical appearances :—Fungiform ulcers in the skin 
of the upper lip, cheek and left eye lid. Conjunctiva and cornea 
of the left eye entirely destroyed and covered with irregular 
reddish yellow granulations, and greenish yellow muco-purulent 
secretion. A few nodes on the breast and left axillary and 
thoracic region ; the left testicle enlarged ; discharge of muco- 
purulent fluid from both nostrils, and many ulcers in the Schnei- 
derian membrane ; the right intermaxillary gland a little swollen. 
Postmortem appearance :—Ulcerative destruction of skin, 
subcutis and mucous membrane of nose ; metastatic nodules and 
parenchymatous haemorrhage in the left testicle. 


No eroculation. 


CASE XIV. 


Dun stallion, 3 years old, observed on July 5th, 88. 


Clinico-anatomtical appearances :—Good condition; temp. 
39.6°C. Characteristic eruptions (nodes and ulcers of hazel to 
walnut size) on the lip, left shoulder, breast, lateral side of right 
forearm, fetlock joint, right flank, croup, left posterior extremity, 
inferior surface of abdomen, praeputium, &c. Mucous discharge 
from the left nostril, and an irregular ulcer on the right side of 
septum nast; frequent snorting ; thumb-sized swelling in the 
intermaxillary space, and slight swelling of upper cervical 
gland. According to anamnesis the first farcy appeared in 
November 1887 on the right flank region. Postmortem section ; 
besides cutaneous and subcutaneous changes, nodules and ulcers 
in the mucous membrane of nose and in the testicles, 
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Inoculation of 2 guinea pigs (No. 39 and 40) with morbid 
tissue of testicle. In both animals swelling of plica gland was 
observed. One of them died on the rtgth day after inoculation, 
from acute gastro-enteritis ; no other internal changes. The 2nd 
animal recovered in about a month. 


CASE Xv. 


Bay mare, § years old, observed on July 5th, ’88. : 

Clinico-anatomical appearance :—A few farcy nodules in the 
thigh and posterior aspect of the left hind extremity ; nose and 
other organs were quite free from farcy. 

No zxoculation. 


CASP xavier 


Bay stallion, 4 years old, observed on July 12th, ’88. 

Clinico-anatonuical appearances -—Many farcy boils over the 
body including the external genital organs. A small quantity 
of purulent discharge from both nostrils and ulcerative nodules in 
the Schneiderian membrane ; intermaxillary gland not swollen. 
Postmortem: numerous fungoid ulcers in both nasal cavities, 
some in the pharynx and larynx; a few medullary nodules of 
millet to linseed size in both lungs ; some nodules and abscesses 
in the testicles. 

Inoculation of guinea pigs -—A male guinea pig No. 41 
inoculated with ulcerative tissue of nose. Besides local inflam- 
matory reactions, the animal showed on the 7th day after inocu- 
lation, a swelling of plica gland and, on the 17th day, a slight 
swelling of left inguinal papilla of the udder; these swellings 
afterwards gradually lessened and disappeared on the 29th day 
after inoculation. The second guinea pig No. 42, inoc. with 
ulcerative tissue of nose, showed onthe next day a strong local 
swelling, and died on the 3rd day from malignant oedem. 
2 guinea pigs No. 43 and 44, inoculated with morbid tissue from 
testicle, showed on the 5th day a swelling of plica gland, which 
attained, On the 15th day, the size of a pea; afterwards it was 
gradually reduced and resorbed. 

Inoculation of a horse :—Young bay mare of Japanese breed 
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No. 8 inoculated with morbid tissue from the case XVI, on the 
left chest, breast, plica genu, and in the nose cavity. On the 
3rd day after inoculation a distinct local swelling appeared in the 
skin, and stinking purulent discharge from both nostrils ; these 
symptoms persisted for some days, and from the 2nd week the 
swelling and nasal discharge gradually lessened. Complete 
recovery on the 27th day after inoculation. 


CASE XVII. 


Black stallion, 4 years old, observed on Aug. gth, ’88. 

Chnico-anatomical appearances:—Farcy boils on the in- 
ferior lip, breast, inferior part of thorax, and in the preputium ; 
slight swelling of both intermaxillary glands. According to 
anamuests, the farcy was first noticed on July 2nd, 1888. 
Postmortem section - numerous nodules in the subcutis even in 
intermuscular tissue. Numerous nodules and ulcers from miliary 
to pea size in the Schneiderian membrane of both nasal cavities ; 
one nodule in the epiglottis: a few miliary nodules in lungs, and 
an apple-sized abscess in the left testicle. 

No znoculation. 


CASE XVIII. 


Dark chestnut stallion, 8 years old, observed on Aug. 
oth, ’88. 

Clinico-anatomical appearances :-—Many farcy boils on the 
breast, both shoulders, the left side of chest, the sheath of penis, 
&c. According to anammnests the first symptoms appeared 
this May in the abdominal region, whence it spread over the 
body. Postmortem section ; characteristic ulcers in the depth of 
nose cavity and on the epiglottis ; a few sinapis-sized nodules in 
lungs. Testicles and other organs normal. 

No znoculation. 


The cases IV-XVIII were observed in Sendai during the 
summer of 1888. Our object was, at that time, to prove whether 
this skin disease was veritable farcy or of a different nature. 
Consequently we followed, in undertaking our experiments, the 
method prescribed by Schzitz and Loeffler. The content of farcy 
boils and morbid tissues from various organs were subjected toa 
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careful microscopical examination, the tissue being cut fresh or 
in a hardened state. For staining we used, in most cases, Zzeh/'s 
fuchsin and Loefffer’s methylene blue. We always found in the 
content of farcy boils, certain kinds of cocez. In the stained 
preparation of tissue we could not clearly demonstrate the 
presence of any special kind of bacilli, which might be considered 
as pathogenic, except an irregular heap of grains, which was, 
as later on ascertained by the author, an aggregation of 
saccharomyces usually present tn the morbid matter of Japanese 
farcy—it has since been found in all alcoholic specimens col- 
lected in Sendai. Only in one case, CASE IX, have we succeeded 
in raising a pure culture of bacilli, which may be considered as 
identical with Schitz-Loeffter’s bacillus. Thus out of 15 cases, 
one was true glanders, while the remaining 14 were of a saccharo- 


mycotic nature. 


CASE Xie 


Black stallion of Japanese breed, 16 years old, observed 
during Nov.—Dec., ’89. 

Clinical appearance :-—Condition bad and meagre, muco- 
purulent discharge from both nostrils; skin of the intermaxillary 
space thickened and hairless; the intermaxillary gland not 
swollen ; no farcy changes in the skin. 

Postmortem appearance -—Skin and subcutis free from farcy. 
Both anterior lobes of lungs in partial hepatization, with many 
miliary to walnut-sized irregular nodules and abscesses. On the 
left side of septum nasi ulcers of linseed to coin size ; these ulcers 
were hollow with indurated bottoms and borders, which looked 
yellowish white and lardy. 

Inoculation of guinea pig No. 45, on Nov. 29th, with nasal 
discharge. On the next day appeared a _ local swelling, 
which turned to a bad ulcer; plica gland swollen. On the 
seventh day the animal was dissected. Postmortem section 
revealed a suppurative ferd in the plica gland. Culture ex- 
periment was positive: we obtained from the pus a pure 
culture of bacillus mallet. Another guinea pig No. 46 was 
similarly inoculated, and the reaction was nearly the same as in 
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the preceding case. Swelling of the lymphatic gland persisted 
for a long time, but no abscess was formed, and finally dis- 
appeared. The 3rd guinea pig (No. 47) inoculated on Dec. 3rd, 
"89, with ulcerative tissue of nose. After inoculation appeared 
local ulceration covered with bad pus. Death on the roth day after 
inoculation. Postmortem section; numerous gray, transparent 
nodules of miliary size in lungs. Ina 4th inoculated guinea pig 
(No. 48) changes were nearly the same as in the preceding case. 
On the r5th day after inoculation the local swelling subsided, 
and the skin wound healed. Both inguinal glands, were swollen 
to finger size ; this swelling gradually disappeared. 


A number of guinea pigs (17) and a horse were inoculated 
with the pure culture. The guinea pigs showed strong local reac- 
tion, and malleous changes in lungs, testicles, &c. In the horse 
the inoculation only caused a local swelling and suppuration. 


GASH 


Stallion of Japanese breed, observed in Oct., ‘go. 


Clinical remarks -—This horse was admitted to our Hospital 
for treatment. According to axamnesis the first node appeared 
on the right flank, and the affection gradually extended over 
the neighboring parts. We found besides a slight swelling of 
the intermaxillary glands. The skin affection was treated with 
different medicaments, but there was no marked improvement. 
On Oct. 1oth, ’¢o the horse was-destroyed for dissection. 

Postmortem appearance :—Farcy nodes of different sizes 
in the subcutis of the right flank, hypochondriac, and inguinal 
region; they were surrounded by hyperaemic and infiltrated 
zones, partly turned into abscesses containing a thick cheesy 
pus. Luymphatic glands in the plica genu and inguinal region 
swollen, and partly turned to suppuration ; the intermanillary 
glands also swollen containing inspissated pus. Lungs showed 
here and there small herds -of hepatization: in the liver a small 
metastatic abscess. 

Inoculation of 7 guinea pigs (No. 49-55) on Oct. 1oth. 
Three of them (No. 49-51), which were inoculated with the 
content of farcy, intermaxillary and liver abscesses, died from 
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septicaemia within 3 days after inoculation. The 4th (No. 52), 
inoc. with lung tissue, showed local ichorous ulceration for 
some time, but ultimately recovered. The 5th (No. 53), inocu- 
lated with lung tissue showed the same local ulceration, and 
afterwards died with symptoms of acute gastro-enteritis : post- 
mortem revealed no special change in the internal organs. The 
6th (No. 54), inoculated with the local ulcerative tissue of the 
preceding (No. 53), died with symptoms of acute septicaemia. 
The 7th (No. 55), inoculated with the content of farcy boil, 
showed no special reaction. The postmortem appearances of No. 
49-51 and 54 were all similar,—strong serous infiltration of 
subcutis, reddish serous effusion in the thoracico-abdominal 
cavity and dim swelling of parenchymatous organs. In these 
effusions oedaem-bacilli and streptococci were found in 
abundance. 


(CINSIS SOR. 


Old stallion of Japanese breed, observed during Sept.—Nov., 


18Ql. 


Clinical appearance :—Farcy boils over the whole body, 
especially on the inferior border of neck, thorax, the upper part 
of anterior extremities, haunch, scrotum, &c. This horse was 
observed for a long time. Meanwhile its condition was con- 
siderably reduced, though it had a good appetite ; died on 
Nov. 4th. 


Postmortem appearance :—Farcy boils mostly seated in the 
cutis ; some reaching the subcutis and in such places lymphatics 
were swollen like a cord. Inguinal lymphatic glands much 
enlarged, cut surface looking medullary, but free from nodules. 
Intermaxillary glands on both sides swollen to thumb-size with a 
purulent “erd in the centre. Tunica Dartos et Vaginalis con- 
tained many nodules, by which the latter was agglutinated with 
the testicle ; the parenchym of the testicle, however, free from 
changes. In the left nose cavity, a finger-sized ulcer on the inner 
surface of the wing, and many pea-sized ulcers in the deeper part 
especially over the inferior turbinated bone ; on the right side 
similar ulcers only on the septum nas?. 
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Inoculation of 4 guinea pigs (No. 56-59): No. 56, inoculated 
with the ulcerative tissue of nose, showed swelling and ulcera- 
tion zz /foco and swelling of the inguinal gland. No. 57, 
inoculated with the same substance, showed only a local 
swelling. No. §8, inoculated with the content of farcy, died on 
the 4th day from malignant oedem. No. 69, inoculated with the 
content of farcy boil, showed local suppuration for a long time, 
but gradually recovered. 


In No. 58 we found, fostmortem, a small abscess in the 
epididymis, and from the content we obtained a pure culture of 
bacillus mallet. 


(GINS) MOA 


Old summer black stallion, observed in April, 1892. 

Clinical remarks :—This horse was purchased for experi- 
mental purposes. When he arrived he had farcy on the head, 
shoulder, neck, back, posterior extremities, &c., here and there 
ulcers being confluent to an extended superficial ulceration 
covered with thin bloody fluid. Condition bad and lame in 
the right posterior extremity. 

Twice mallein was injected. Afterwards the process made 
more rapid progression; purulent discharge took place from 
the nose, and ulcers appeared on both sides of septum nast ; 
the intermaxillary glands not swollen. Death on June 13th, 
1892. 

Postmortem appearance :— Numerous nodules, abscesses, and 
ulcers scattered over the whole body. As in the foregoing 
case, the nodules mostly situated in the cutis; in those 
places, where the skin was destroyed—shoulder, axillary region, 
posterior extremities, &c., the morbid process was propagated 
in the subcutis along the course of lymphatics, which were swollen 
to a varicose chain, forming here and there nodes or abscesses 
of pea to wal-nut size; the content of abscess consisted of pus of 
mucilaginous consistency. The cutaneous ulcers on transection 
funnel-like, their bottom indurated and greyish white. In the ex- 
tremities nodes distinctly prominent and polypous, whose apex 
being in a state of caseous metamorphosis. On the head, ulcers 
reached the periost. Subcutis of both posterior extremities showed 
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serous infiltration, and the local veins were blocked up with 
tight thrombi. Mucous membrane of the upper respiratory tract 
covered with numerous polypous ulcers and abscesses ; miliary- 
sized abscesses were seated in the subepithelial tract. The 
chiefly affected parts were septum nast on both sides, ethmoidal 
shells, Eustachian valves, guttural pouches, pharynx, sinus 
Morgagni, epiglottis. vocal. ligament, and trachea down _ to 
its bifurcation: ulcers were 2-3 mm. prominent with convex or 
concave surface; on cutting the tissue looked greyish white 
and medullary, studded with spotty or thready haemorrhages. 
Lungs emphysematous and free from nodules. Spleen showed 
hyperplasia of pulpa and on its lateral surface near the basis 2 
metastatic abscesses, one sinapis and the other linseed in size, 
containing pws bonum. Axillary and inguinal glands were 
enlarged and partly in suppuration: intermaxillary and 
upper cervical glands were slightly enlarged. Scrotum and 
testicles on both sides contained many nodules of pea-hazelnut 
size, and in the left testicle, a big node of wal-nut size, a 
part of which was already softened and turned to a creamy 
substance. 

Inoculation of guinea pigs:—18 guinea pigs (No. 60-77) 
were inoculated with various mordid products. Three of these 
inoculated with farcy-content, showed no special changes. Of 
the remaining 15, inoculated with the new formation of the 
nose and testicles and the metastatic herd of the spleen, 12 
died on the 2nd and 3rd days after inoculation, with symptoms 
of malignant oedem; in one of them, inoculated with nasal tissue, 
we found partial hepatization of lungs, with which another guinea 
pig was inoculated in order to prove the presence of malleous 
bacilli ; the latter died of malignant oedem and culture was im- 
possible. The revived guinea pigs (inoculated with the new 
formation of nose and testicles) showed a swelling of plica gland, 
which was gradually resorbed ; in one of, them a walnut-sized 
abscess in loco tnoculationis ; culture experiment with the content 
was negative. 

Jnoculation of horse: 
lated in the subcutis of the left cervical region of a stallion No. 


Morbid matter of testicle was inocu- 


g. After inoculation local swelling and suppuration appeared , 
these symptoms soon subsided, and the wound healed by cica- 
trization. 
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CASE XXIII. 


Black stallion, 10 years old, height 137 cm., observed during 
January—February, 1893. 

Chinical remarks :—Anamnesis not known. Status praesens 
was as fellows ;—The right posterior extremity swollen and 
elephantiac. From the thigh down to the fetlock of the same 
extremity, showed extended ulceration covered with purulent 
haemorrhagic exsudation, and the picture was the same as 
FAltmushi,—another skin affection of the horse, which is also 
common in Japan. By close examination we found, in the 
ulcerated surface and the neighboring parts, many characteristic 
nodes and abscesses as found in Japanese farcy. The nodes 
were cCrater-like with a central excavation, which was filled 
up with a _ glutinous, fibrino-purulent coagulum. On _ the 
periphery of the ulcerated surface, were abscesses, containing 
a dim fluid mixed with cheesy particles. Saccharomyces was 
abundantly found in the pus and morbid tissues. 

This horse received 3 injections of mallein : to the result of 
this injection we will revert later on. Afterwards the process 
gradually extended over the pubic and inguinal region ; death 
resulted on February 20th ; dissected on the 22nd. 


Postmortem appearance :—The right porterior extremity 
showed extensive ulceration and was much swollen. Many 
nodes and abscesses, hazel-walnut in size, were found in the 
inguinal and pubic regions. On transection, the thickened part 
of the said extremity showed tight fibrous structure, in which 
numerous medullary nodules were embedded : the process, how- 
ever, reached neither the periost, nor the articulation nor the 
sheath of the tendon. In the left nose cavity miliary till 
linseed-sized nodules, seated in the parenchym of mucosa; § 
nodules on the turbinated bone, 12 on the septum, 16 on 
the ethmoidal shells; the right nasal cavity free from affec- 
tion. In the larynx a miliary nodule on the inferior side of “ga- 
mentum vocale sinistrum. Superficial and deep inguinal and 
crural glands on both sides, and the right lumbar gland much 
swollen, the crural gland being 6 cm. long, 3 cm. thick and 
5 cm. broad; the cut surface looking partly hyperplastic and 
partly medullary. Intermaxillary gland was a little enlarged 
and showed on transection a pea-sized abscess filled with thick 
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yellowish pus. Both testicles contained a number of meduallary 
herds. 

Microscopically we found numerous saccharomyces in every 
morbid product and tissue. In the lymphatic glands they were 
abundantly found in the medullary swelling, while in fhe hyper- 
plastic portion they were scanty. Long diameter of the microbe 
4.0 w. and the transverse 3.6 pw. It contained a granule 
of the diameter 0.5 uw. The microbes were partly free and 
partly contained in pus corpuscles, measuring 13-21 4, Most 
of the microbes did not stain with common aniline dyes, or 
with haematoxlin, carmine, &c., but were easily stained with 
picric acid and iodine; the granules and those saccharomyces, 
full of protoplasm and perhaps younger ones, could be casily 
stained with aniline dyes. Besides this we found, in the inter- 
maxillary abscess, a few a@zplococct and strep tococee. 

Culture experiment -—-The content of inguinal abscess was 
cultured on and in the following media,—potato slices, nutrient 
gelatine, glycerine-agar, and beef bouillon. Until the 22nd 
day there was no apparent vegetation. Microscopically we 
found in the gelatine and agar media some saccharomyces, 
which were swollen to larger spherical corpuscles, nearly 
double the original size,—6-7 yw. in diameter. These swollen 
corpuscles contained a number of granules, 2 yw. in dia- 
meter. We watched for a longer time, but no furiher changes 
were observed. In simple, not neutrallized horse bouillon, 
appeared on the next day flocculent precipitate of s¢treptococct 
and after a month we found among the swarm of streptococcz 
some saccharomyces which were spherically dilated. 

Lnoculation :—3 guinea pigs (No. 78-80) were inoculated on 
February 22 with farcy matter; 2 of them showed locally a 
pea-sized abscess, which turned to an elongated ulcer. The pus 
from the abscess contained numerous saccharomyces in asso- 
ciation with different bacteria and those pus corpuscles, which 
contained the former were often supplied with protoplasmic feet in 
the form of pseudopodia. In one guinea pig the ulcer soon healed 
by cicatrization. In the other the ulcer persisted for a long 
time, and the animal died on March 13 from pleuro-pneumonia ; 
in the pleural exsudation and diseased part of the lungs, we 
could not find any saccharomyces. Inthe third guinea pig there 
was no proper reaction. 
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Guinea pigs (No. 81 and 82) were inoculated, on Febr. 22, 
with the morbid matter from the inguinal and intermaxillary 
gland. A slight swelling of the plica gland was observed, but 
no further changes. 

Inoculation of 6 white rats with inguinal and intermaxillary 
gland-substances. In 4 of them appeared locally a pea-sized 
abscess, in which saccharomyces could be demonstrated only 
for a few days; the wouud rapidly healed. 


CASE XXIV. 


Black stallion, 12 years old, observed in February, 1893. 

Clinical remarks :--Old meagre horse with purulent mucous 
discharge from both nostrils ; a few nodes and ulcers on the 
left flank region near the plica genu. This horse received one 
injection of mallein. Died on Febr. 11, p.m., 93; dissected 
on the 12th. 

Postmortem appearance :—Besides the cutaneous and sub- 
cutaneous changes, we found one miliary nodule in the 
intermanillary gland, whieh was a little enlarged, and partial 
hepatization in the right anterior lobe of lung. Microscopically 
Saccharomyces and a few cocci were found in the subcutaneous 
nodule, while in the pulmonary and intermaxillary nodules, 
no saccharomyces but diplo-and streptococci, and in the pul- 
monary ferd, a number of short thick bacilli, whose nature 
was not fully determined, but they were distinctly larger than 
Schiits-Loefiter’s bactlh. 

Culture experiment as to saccharomyces and 4. mallet was 
negative. No cnoculation. 


CASH 


Light bay stallion, 5 years old, observed in February, 1893. 

Clinical remarks :—Bad condition: on the left saddle 
region, behind the shoulder, there was a dollar-sized ulcer, 
whence a cord-like swelling, which was hard and not fluctuating, 
leading forward over the shoulder and terminating at the 
anterior border of the latter; the intermaxillary glands not 
swollen. 


——— 
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This horse received 3 injections of AZal/ein. The cutaneous 
lesion was afterwards treated by Prof. Swto and the lesion 
underwent some improvement, the saccharomyces in the wound 
secretion decreasing in number. Meanwhile a profuse purulent 
discharge appeared from both nostrils; respiration became 
difficult ond dyspnoe threatened. On June 18th tracheotomy 
was performed, but it was of no avail to avert a quick 
lethal termination of the disease. Autopsy was performed 
on the roth. 

Postmortem appearance:—WLong cicatrices on the left 
scapular and thoracic region, and hard nodules of pea to 
linseed size, 5-6 in number, on the perineum. In the right 
testicle one metastatic herd of pigeon-egg size; the inter- 
maxillary glands not much enlarged, free from nodules. The 
lungs full of circumscribed ferds of hazel-nut size, round or 
oblong and medullary on cut surface, and in both anterior lobes 
the interstitial tissue distinctly thickened ; the remaining lung 
tissue was partly atelectatic and partly oedematous with some 
old thrombi in the branches of art. pulmonalis. No farcy changes 
in the trachea, bronchi, and the lymphatic glands of chest. One 
pea-sized nodule on the right side of septum nasz.  Micro- 
scopically a few saccharomyces were found in the herd of the 
lungs and testicle. 

Culture experiment of saceharomyces on different media, 
znoculation of guinea pigs (No. 83 & 84) and axto-tnoculation 


were negative. 


CASH xeOIe 


Bay stallion, 10 years old, purchased on February toth, ’93, 
for experimental purposes. 

Clinical remarks :—Moderate nutrition ; a number of ulcers 
found on the chest and left anterior and posterior extremity ; 
these ulcers were of coin size, slightly prominent over the skin 
and covered with reddish yellow or brownish scabs. The left 
intermaxillary gland a little swollen, but smooth and dislocable. 
Thin purulent discharge from the left nostril ; the Schneiderian 
membrane, on this side, was covered with many small fungoid 
ulcers. This horse received 3 injections of madl/cin. After 
that the animal showed thick purulent and at times bloody 
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discharge from both nostrils, and ulcers on the right side of septum 
vast. Rapid emaciation and cachexia, and death on May 3rd. 

Postmortem appearance :-—Farcy changes over the whole 
body including the genital apparatus. Intermaxillary, inguinal, 
plical, and axillary glands more or less swollen and partly 
turned to abscess. In one testicle a metastatic abscess of 
hazelnut size. Mucosa of both nose cavities showed abundant 
ulceration. Pharynx and larynx and upper part of trachea 
were also affected by ulceration. Guttural pouches and sinus 
free from farcy; so also the internal organs. Microscopically 
saccharomyces found in abundance. Blood showed a slight 
degree of leucaemia 

Culture experiment :—The content of farcy was inoculated in 
common gelatine and agar, and different sorts of fluid media. 
In the gelatine medium the saccharomyces assumed on the 5th 
day a spherical transformation as already mentioned ; but further 
growth was not possible. On the agar medium, the celis 
received, on the 31st day, not only spherical but also elongated 
dumb-bell form. No vegetation was stated in the bouillon 
prepared with fresh testicle of the horse, and in the influsion 
of horse dung. 


Lnoculation:—A guinea pig, No. 85, was inoculated, on Feb. 
20, with farcy content. Local swelling and ulceration in 
preputium, which caused paraphimosis, and death from uraemia 
on March rith. Postmortem section revealed a swelling of the 
right inguinal gland, in which, and also in the left gland, which 
was apparently normal, we found a number of saccharomyces. 
The latter were even found in the pancreas, which looked 
otherwise normal. 


CASE XXVII. JAPANESE FARCY: RECOVERY AND SUB- 
SEQUENT INOCULATION OF BACILLUS MALLEI. 


Black stallion, 20 years old, purchased for experimental 
purposes on Febr. 14th, ’93. 

Clinical remarks :—Bad condition, lame in the right 
posterior extremity. A few nodes and ulcers were found on the 
lip, cheek, the right jugular region, the right shoulder, breast, 
the knee fold, forearm and coronary region of the right anterior 
extremity, the left hypochondrium, the umbilical and right 
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inguinal region, the left posterior extremity and the perineum. 
Nothing abnormal in the lymphatic gland or nose cavity. This 
horse received one injection of madllecn, and was treated after- 
wards by surgical operations. The treatment was successful, and 
the animal apparently recovered. 

On Oct. 10,93, the horse was inoculated subcutaneously with 
pure culture of B. mallec obtained from Prof. Schiitzes ‘laboratory. 
The following changes were observed in succession; local 
swelling and induration, formation of nodes, oily purulent 
discharge from inoculation wound, the diffuse swelling and 
eruptions of farcy boils and ulcers on the posterior extremity, 
similar eruptions on the right side of neck, sternal region, left 
flank, and on the internal thigh, swelling of the right anterior 
extremity ; eruptions in the skin of tracheal region and of the 
right posterior extremity. From these foci the morbid process 
quickly spread over the neighboring parts. Then appeared 
nasal discharge, which was even bloody. Wound secretion of 
locus tnoculationis and nasal discharge were quite characteristic 
of genuine glanders, and we could easily demonstrate dacz//us 
mallet in these discharges; while nodes and ulcers in other 
regions of the body were prominent, and had the appearance 
of Japanese farcy, and in these eruptions we found numerous 
saccharomyces. The horse died on November 21, ’93; and was 
dissected on the 22. 

Postmortem appearance :—Extreme emaciation: mucous 
discharge from both nostrils. Farcy boils and ulcers on the 
head, the inferior cervical, left praescapular and sternal region | 
the inferior and lateral abdominal wall, the thigh of the left 
posterior extremiy, the scrotum, and the heel of the right 
anterior and left posterior extremities: the subcutis of the last 
mentioned extremities showed elephantiac thickening. The 
subcutaneous abscesses, which were abundantly found, contained 
thick yellowish pus characteristic of Japanese farcy ; in some 
of them, the content was a little thinner and mucilaginous. 
Ulcers showed infiltrated border, but were not polypous as com- 
monly met with in Japanese farcy. In the nose cavity, es- 
pecially on the right side, numerous ulcers, pea-linseed in size ; 
they were mostly hollow with infiltrated bottom and_ border, 
and the larger ulcers with pale irregular granulations: the 
Eustachian valves and larynx showed a number of smaller 
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ulcers. The lungs esp. the anterior lobes and anterior part of 
posterior lobes contained numerous nodules, linseed-sinapis- 
millet in size, their number varying from 3-4 in one cubic centi- 
metre to I in every 2 cubic centimetre of the parenchym. They 
showed quite characteristic features of true malleous nodules. 
The intermaxillary, axillary, inguinal and pubic glands, especially 
on the left side, showed medullary swelling, but were free 
from nodules; the remaining internal organs also free from 
malleous changes. Under the microscope we founda few sac- 
charomyces in ‘the content of the farcy boils, while in the 
pulmonary nodules and nasal ulcers only dacllus mallet and 
no saccharomyces. 

Culture experiment :—On_ glycerine-agar we obtained a 
a pure culture of dacz/lus mallet. As regards the saccharomyces, 
culture experiment was negative (for this purpose we employed 
different media with the addition of different ingredients, different 
sorts of sugar, peptone, organic acids, &c.) 


CASE XXVIII. 


Bay stallion, over 20 years old, purchased on March 13, 
94, for experimental purposes. 

Clinical remarks :—Reduced condition ; farcy nodes on the 
breast and pectoral region, extending from the inferior part of 
canalisjugularts sinister, downwards along the margin of pectoral 
muscle and the course of spur vein on the left side as far as the 
neveau of cartilago xyphoidea. These nodes were situated in 
the subcutis, hard to the touch and easily dislocable, neither 
painful nor hot. 

We extirpated 3 nodes, which were encapsuled with a thin 
fibrous membrane containing an inspissated creamy matter. 
Under the microscope we found that, the content was fatty 
detritus composed of fatty granules, fat drops, lime corpuscles 
and elementary granules, and a_ few degenerated  sac- 
charomyces, partly broken or shrunken and apparently empty. 
The lime corpuscles had the same size as the saccharomyces and 
appeared to be the remains of the latter; otherwise free from 
germs. 

Culture experiment was negative. 
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(CASTS SORE 


Old farm stallion, passing patient, observed on March 17th, 


’ 


94. 

Status pracsens :—¥Farcy nodes in the form of polypous 
chains on the shoulder and left anterior extremity, stretching 
from the inferior part of fossa jugularis sintstra downwards 
along the anterior border of deltoides, then the inner side of the 
left anterior extremity to the fetlock, and in these nodes 
saccharomyces were found in abundance. Otherwise in a sound 
state of health. 

Some pieces from the nodes of the skin inoculated on 
different artificial media. On glycerine-agar there was no 
macroscopical vegetation until the 6th day after inoculation ; 
under the microscope we found most of the saccharomyces 
swollen to spherical corpuscles containing 2, 4 or more 
granules. Similar granules were also found in pus cor- 
puscles. After a long time there appeared on the medium 
a number of granular colonies more or less prominent over 
the surface; the same vegetation appeared also in the gelatine 
medium. 


(GASIS YOO 


Bay stallion, about 20 years old, purchased on April 21st, 
’94, for experimental purposes. 

Clinical remarks ;—Bad condition with characteristic farcy 
changes on the head, right anterior extremity, and on the chest. 
Bloody purulent discharge from both nostrils, and extended 
ulceration in the Schneiderian membrane, so that the breath was 
stinking ; no swelling stated in superficial lymphatic glands. 
Later on, the affection extended over both anterior extremities, 
which became swollen and, as the animal continually rubbed the 
affected extremities, the disease was transferred to the lips ; and 
then the intermaxillary glands, on both sides, were swollen. 
The animal fell considerably in condition and died on May 25th. 
Dissected 4 hours after death. 

Postmortem appearance ;—Extreme emaciation. Except 
the posterior aspect of body, the skin was everywhere affected, 
and covered with characteristic polypoid ulcers ; the anterior 
left extremity strongly swollen and elephantiac. The left 
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testicle contained nodules of pea-walnut size, 5 in number; 
the intermaxillary glands on both sides a little enlarged and 
partly turned to abscess ; the inguinal glands swollen to walnut 
size and the cortical substance, on transection, grey white and 
dim. Schneiderian membrane on both sides entirely destroyed 
by ulceration, some ulcers being hollow, others prominent and 
fungoid. A few ulcers were found in the mucosa of the pharynx, 
larynx and of the upper part of trachea. In the thoracic 
cavity we found pleuritis sicca and partial hepatization of anterior 
lobes of lungs. 

Under the microscope we found, in the morbid parts, besides 
saccharomyces, many coccen-like granules also collapsed and 
semilunar saccharomyces, partly in pus corpuscles, and partly 
free in the plasma. Long diameter of saccharomyces 3.7— 
4.0 1, short diameter 2.4-3.2 w.; the internal granule 0.5 pu. 
and free granule 1.0-2.0 4. The granules made an active 
Brownian movement, strongly refracting the rays of light. The 
free granules did not take any aniline stain; they appeared like 
micrococc: or fat grains, probably the spores of saccharomyces. 
In the lungs and pleural exsudation saccharomyces were absent, 
we found @&f/o- and streptococci. 

Culture experiment ;—In this case we tried hanging drop 
cultivation of saccharomyces with different fluid media, different 
bouillons, hay infusion, horse dung infusion, with or without addi- 
tion of pepton or of sugars, in alkaline or acid reaction. In those 
to which pepton had been added, vegetation took place as early 
as on the 7th day of cultivation. No vegetation observed in hay 
infusion, horse dung infusion without pepton and with or without 
grape sugar. In test tube cultivation with different fluid media, 
which contained 2-49 pepton in slight acid reaction, we noticed, 
after 17 days, the vegetation of saccharomyces in the form of 
granular precipitate ; the same vegetation was observed in simple 
not neutralized beef and horse flesh bouillon. Under the micro- 
scope the saccharomyces were in different formal modifications, 
some being elongated toa kind of hyphen. In common gelatine 
medium, kept in room temperature, the vegetation appeared first 
on the 56th day on the surface and along the inoculation-line in 
the form of yellowish white sandy granules, prominent on the 
surface ; there was no indication of liquefaction. The colony was 
compact and not easily divisible. Microscepically we found even 
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varicose hyphex containing differing numbers of granules. On 
glycerine-agar and not-neutralized-pepton-agar media kept ina 
thermostat, we noticed, after 30 days, the vegetation of saccha- 
vomyces in the form of granular colonies similar to those in 
gelatine medium. On the 43rd day, the colony attained the size 
of 1-4 mm., distinctly prominent and irregularly wrinkled. On the 
coagulated blood serum from the horse, with or without glycerine, 
the vegetation was feeble; on the potato medium vegetation 
appeared first on the 29th day ; the colony was nearly the same 
as agar-colony. In every occasion slightly acid media were 
more favorable for the vegetation than the alkaline. Dimen- 
sions of the vegetative saccharomyces were as follows :— 


Longit. diam. Transyv. diam. 
Little grown cell-------- 2.50-3.652 yp. 1.66-2.50 /4. 
Medium grown cell ---- 6.64 4.98 
Much growncell ----- 12.28 1245" 
flyphen form --+++-++++- 16.66- 39.92 
Granules (largest) «+-+--- 3.486-5.000 
ditto (smallest) ------ 0.830-1.660 


Thus a vegetative form was larger by 2/3-3/4 than the 
original size, and the maximum was even triple or fourfold. 
Inoculation with the culture of saccharomycees ;—An experi- 
mental horse No. 10 was twice inoculated subcutaneously with 
pure culture, ist on Apr. 16th and 2nd on June 14th. After the first 
inoculation, induration and suppuration appeared locally ; after 
the second, again local induration appeared, which persisted for 
along time (14/VI-IX) and gradually turned to abscess. The 
abscess opened of itself on Oct. 20th, and in the pus we found 
numerous saccharomyces. Both lesions were circumscribed, and 
without further changes they completely disappeared. The 
culture was introduced in the subcutis and abdominal cavity of 
guinea pigs and rabbits, but there was no specific reaction. 
Anaerobic cultivation in hydrogen atmosphere was negative, 
so far as saccharomyces were concerned. One kind of small 
short daczllz, facultative anaerobe, was isolated; this caused 
strong suppuration when introduced in the subcutis of a horse. 
Inoculation with morbid matter :—Two guinea pigs (No. 86-87), 
inoculated with farcy pus, showed only local suppuration. Of 
guinea pigs (No. 88-90) inoculated on May 15th, with morbid 
tissue of skin, two died from malignant oedem and the 3rd 
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showed no special reaction. From 5 guinea pigs (No. 91-95) 
inoculated on May 25th with the new formation of testicle, one 
died from malignant oedem, the other 4 guinea pigs showing 
local suppuration and ulceration and a swelling of the plica 
gland to pea-size. Under the microscope, the local pus exhibit- 
ed various kinds of bacteria, but no trace of saccharoniyces. 
The wound in all guinea pigs quickly healed. 

Hares were inoculated subcutaneously with the content of 
farcy ; a big abscess appeared locally full of thick stinking pus, 
in which saccharomyces could be found for some time. No reac- 
tion in rats, similarly inoculated. 

Three young pigs were inoculated on April 25th with farcy 
tissue. There was only local suppuration ; saccharomyces were 
found in the pus until May 3oth ; then they disappeared. 

An old strong stallion No. 11 was inoculated repeatedly 
with morbid tissues and pus on different parts of the body, 
subcutaneously or by repeated rubbing in the skin; also in com- 
bination with pure culture of streptococce and staphylococct 
isolated from the content of farcy or first producing artificial 
ulcers and then inoculating in them. All these trials were of 
negative result. 


(CASS SORT 


Old pack horse, passing patient, observed on Jan. 7th, ’95. 

Clinical appearance -—Farcy boils on the right jugular, ax- 
illar, right and left hypochondriac and cardiac region; the content 
ofthe boil consisted of dim fluid and cheesy sediment, in which 
numerous saccharomyces were found. According to axamnesis 
this horse was kept in an infested stable, where the first symp- 
toms of farcy appeared at the root of his tail. Inoculation of 4 
guinea pigs (No. 96-99) and hares was negative. 


CASE XXXII. 


Old stallion, observed on Febr. 20th, ’95. 

Clinical appearance :—Farcy boils on the left anterior ex- 
tremity, the right superior part of chest, external genitals and 
nose cavity; the intermaxillary giands swollen. Numerous 
saccharonyces found. 
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lnoculation :—Two guinea pigs (No. 100-101) inoculated with 
morbid tissue of farcy. One died from malignant oedem; the 
2nd showed, on the next day, a local swelling, which had soon 
disappeared. 


CASE XXXIII. 


Old mare observed in June, 1895. 

Clinical appearance ;—Bad nutrition; the left anterior ex- 
tremity in bear-footed attitude with soreness in the skin of 
the heel. In the hollow of fetlock an extended ulcera- 
tion, where the skin and subcutis much thickened, the 
appearance being that of Azimushi. From this ulcer a cordy 
swelling led upwards as far as the arm. Besides this, we 
found some nodes on the thigh of both posterior extremities. 
Numerous saccharomyces were found. 

In course of time the morbid process had gradually extend- 
ed over the inferior abdominal wall, shoulder, thorax, lips, 
praeputium, vulva, &c. The horse was destroyed and dissected 
on June 28th, ’95. 

Postmortem appearance. ;—Characteristic fungoid ulcers in 
the right nose cavity; walnut-sized abscess in the axillary 
gland ; hyperplasia of intermaxillary and inguinal glands. In 
the right posterior lobe of lungs an indurative herd of hazelnut 
size, which showed, on transection, numerous miliary purulent 
herds ; no saccharomyces found in them, while in the cutaneous 
and nasal ulcers and in the affected lymph glands were numerous 
saccharomyces. 

Lnoculation of guinea pigs (No. 102—{11)with morbid tissue ; 
4 of them died from septic infection (streptococcen infection) ; 
the remaining 6 showed no special reaction. 

A horse (No. 12), 5 years old, was inoculated subcutaneously 
with morbid matter, but the result was negative. 


We have hitherto dealt with mere objective descriptions of 
cases. Let us now make some critical remarks. 

In 3 cases (IX, XIX and Xx), out of 29 (VI-XXXIII), we 
have found a special kind of dacil/us, which may, according 
to its morphology and biology and to the result of inoculation, 
be regarded as identical with Schiitz-Loeffier’s bacillus ; thus, 
these 3 cases were undoubtedly true farcy-glanders, and 
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case XIX was pure glanders with pulmonary complication. 

In 11 cases (XIII-XXXUI) saccharomyces were actually 
demonstrated, but it was not possible to find the presence of 
bacillus mallet; in these cases the clinical and _ postmortal 
appearances were quite characteristic of Japanese farcy. In 
cases I and IV-XXII saccharomyces were not directly examined ; 
we have, however, stated the presence of the latter in the 
alcoholic specimen of morbid tissues collected from these cases. 
There is hence no doubt that all our cases, except the above 
3 and cases II and I1I, which were not examined for saccharo- 
myces, were those of saccharomycotic farcy. In cases U1 and 
XXVHI the subcutaneous nodes were in process of healing 
without surgical operations. 

Case XXVII was an example of mzrved infection of genuine 
aud sacchayomycotic farcy. It is interesting to note that, both 
groups of symptoms were combined. The anatomical characters 
of cutaneous and subcutaneous nodes and ulcers were quite 
the same asin Japanese farcy. The following were the chief 
deviations from the latter :— 

I, Acute coukse: 

2. Nasal ulcers were hollow and not fungoid. 

3. Purulent discharge from nose was oily and mucila- 
ginous, 

Distinct pulmonary lesion. 

5. Histologically the nasal and pulmonary herd con- 
sisted of a typical granulation tissue, while in 
Japanese farcy the tissue elements or leucocytes 
are inan early stage destroyed by the invasion 
of microbes. 

It is also interesting to observe that, 4. mallez which was 
inoculated, became causa tucitans for the recidivum of saccharo- 
mycosis and that, in the further course of disease the number of 
saccharomyces decreased and finally disappeared in most of the 
abscesses. Very likely the recidivum of saccharomycosis was 
not due to the favorable influence of dact/lus mallet, but to the 
favorable condition of the anatomical changes prepared by the 
latter. To the question whether symbiosis of both microbes is 
possible or impossible, our observations were not sufficient to 
enable us to give a definite answer. Nevertheless we may con- 
sider this case as a mixed infection. Cases IX and XXI too may 
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fr. anatomical characters be enumerated under the same category, 
though actual statement on saccharomyces was wanting. 

The next question is whether the usual saccharomycotic 
farcy, met with in practice, is entirely free from malleous infection. 
Here we must take into consideration the result of clinico- 
anatomical observations and inoculation experiments in connec- 
tion with bacteriological researches. Clinzco-anatomically, in 
simple farcy in which no internal changes were found, there is the 
least suspicion of malleous infection. As to those cases, how- 
ever, in which metastasis was found in the internal organs, we 
must be careful in deciding the question. As to pulmonary 
lesions, pleuropneumonia with caseous and hepatization herds 
(XXIV, XXX), in which we found dip/o- and _ streptococc?, seems to 
belong to Brust-seuche, whichis very common in Japan. Chronic 
indurative pneumonia, found in cases XX, XXV and XXXIII, is 
undoubtedly the secondary change of saccharomycosis. Grey 
nodules of sinapis to linseed size, found in cases VIII, XVI, XVII 
and XVIII, resemble malleous nodules, but the characteristic hy- 
peraemic zone was wanting, and the nodules were mostly very few 
in number; further we could not prove the existence of dact/lus 
mallec. We sometimes find irregular calcareous nodules in the 
lungs ; they are mostly the residua of catarrhal bronchitis or 
of parasitary nature. Point-shaped multiple extravasations, 
which were found in cadavers, destroyed for dissection, are 
undoubtedly the result of disturbed circulation at the stage 
of agony. Metastasis in the spleen and liver found in cases VI, 
IX, xX and XXII appear to be of malleous nature: case IX was 
true glanders; In case XX inoculation failed to decide the nature, 
while in cases VI and XXII, we were unable to prove the presence 
of malleous bacilli. The herd of the kidney, observed in 
cases II and III was anatomically a_ chronic interstitial 
nephritis and appears to be of the same nature as the chronic 
process found in the lungs. 

Result of inoculation:—In guinea pigs, inoculated with 
morbid materials of farcy, we found nearly similar reactions, only 
differing in intensity. Shortly after inoculation there was local 
inflammatory swelling in different intensity either limited to locus 
tnoculationis or extending over the neighboring parts, praeputium, 
scrotum, &c.; these symptoms gradually passed away, and at the 
end ofthe first week appeared a second group of changes; viz., the 
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formation of abscess and ulceration zz /oco and the swelling of the 
next lymphatic gland (plica gland) and, in exceptional cases, of the 
testicles. In fact the reaction was dependent on: 1, the mass 
of morbid tissue inoculated and, 2, the purity of the substance. 
The larger the mass introduced in the subcutis, the stronger was 
the local reaction. The reaction was stronger and more con- 
spicuous in those animals, which had been inoculated with 
ulcerative tissue from exposed parts, skin and nose, than in 
those, which received morbid tissue from fresh cadavers and 
from internal organs, as the testicles. Certainly different septic 
microorganisms, which may easily cleave to organic matter, 
have played the chief part in producing local reactions. Old 
cadavers of horses are soon loaded with them, and the latter 
often interfered with the result of inoculation. In the usual 
course there was local swelling, suppuration or formation of 
abscess, ulceration, and the swelling of the next lymphatic 
gland, the latter being in proportion to the intensity of local 
ulceration. All these changes were not so characteristic of 
malleus, and mostly terminated in recovery. For easier 
reference we give the result of inoculation in the following 
table :— 
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If we consider such reactions as local swelling or swelling of 
the next lymphatic gland without suppuration, as totally nega- 
tive, and those, which consist of distinct swelling of the lympha- 
tic gland and extensive local ulceration and abscess-formation, 
and in which culture and microscopical examination were nega- 
tive, as relative positive reactions, then we obtain the following 
numbers :— 

Of 99 guinea pigs, inoculated with morbid products.— 


No. of Result of 
e - pes No, of . awe ad at inoculation 
Result of inoculation: Guinea pigs: Number of Cases : ees in % of obs. 
8 cases : 
Failure. 24. 20. 
Negative reaction. 53- ihe 20, 55-% 
Positive reaction. 5. 3. (IX, XIX, XXI.) 20. Teg 
[tion | 
Relative positive reac- | 7s 4. 20. 20. % 
[mycosis. | 
(Positive fo saccharo- 2 2. (XXIII, XXIV.) fe 28.6 % ) 


Relative positive cases were V, VI, VIII and XXII. The 
Clinico-anatomical appearances of these cases were shortly as 
follows :— 

Case V, farcy changes in the skin, subcutis, nose, sinus, 
testicles and lymphatic glands ; internal organs free 
from affection. 

Case VI, ditto in a slighter degree (and no change in 
sinus). One metastatic abcess in the liver. 

Case VIII, ditto in severer degree, and plenty of miliary 
nodules in the lungs. 

Case XXII, ditto in severer degree, and 2 metastatic herds 
in spleen. 

From these data we may consider these 4 cases as suspected 
mixed infection, although the bacteriological researches failed to 
give a positive result. Also case XX was probably one of the 
mixed infection. 

As regards the saccharomycosis, the result of inoculation was 
mostly zegative. In 2 guinea pigs (No. 78-79) which were ino- 
culated with farcy nodules, appeared local ulceration and sup- 
puration, in which saccharomyces was for a long time found, in 
association with different pyogenic bacteria. In No. 85 we 
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found saccharomyces in different organs. In all other cases the 
result was entirely negative; the saccharomyces were found in 
the wound secretions so long as the inoculated tissue remained 
in the subcutis. When the latter was absorbed no more was 
found. 

Result of horse-inoculation was different. Of 7 horses, 
inoculated with morbid matters, we found distinct reaction only 
in one case (case II); in other cases the reaction was always 
local—local suppuration and ulceration, the process never ex- 
tended, and the wound quickly healed. Infection was also im- 
possible by continued rubbing into the skin, by cutaneous ino- 
culation, and by cohabitation. 

In pigs, sheep, hares and rats, (also dogs and cats) the 
result of inoculation was xegatzve. 

Culture of saccharomyces was possible in 4 cases. Dzplo— 
staphylo—and streptococcus often appeared in culture. 

In short, thts skin disease, commonly known as farcy, may 
be classificd into 3 categories ; saccharomycotic farcy, gentine 
farcy, and farcy of mixed infection. The first ts the most com- 
mon, next comes mixed tnfcetion, while pure glanders and farcy 
(malleus) seems to be of rare occurrence, at least in the indigenous 
breeds of the horse. 


CHARACTERISTICA OF SACCHAROMYCOSIS EQUI. 


Saccharomycosis or saccharomycotic farcy may be defined 
as an enzootic skin disease caused by the invasion of a special 
kind of saccharomyces, the clinical and anatomical symptoms 
being nearly the same as in genuine farcy. 


1. CLINICO-ANATOMICAL FEATURES, 


Chief characteristicum is the eruption of the so called farcy 
boils in the skin and subcutis, and in many cases the 
mucous membrane of ¢ubus respiratorius, the testicles and 
lymphatic glands and sometimes internal organs are affected. 
At first a small nodule of linseed to pea size appears in the skin. 
This soon decays and is transformed into abscess and ulcer of 
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pea-to hazelnut-size. The process rarely remains circumscribed, 
but is mostly propagated by the mediation of the lymphatic 
system in larger extension over the skin and subcutis or deeper 
to intermuscular tissue or periost, also to the articulation of the 
extremities, to the next lymphatic gland and testicles, and 
seldom, by blood circulation, to distant organs, The disease 
is not seldom propagated by direct contact from one to another 
extremity or, as the patient rubs the affected part with its teeth, 
so it is often transferred to lips, cheek, &c. In a similar manner 
the disease is propagated to the nose cavity. 

Certain parts are specially predisposed to this disease. 

The following table will show the number of cases, observed, 
in reference to the affected organs. Of 25 cases (III-XXXIII) { :— 


organs affected : No. of cases ; 2 Ze orto 
cases ; 
ae = sae 
SREStICIC MENG: om te emt eer, Ge ne, ene oc Jee er 16. 64. % 
Nose CT Mee Se Bes. eb Se 21. sy Sid 
Imfermasillacy gland ee ts hae eet 12. 48. % 
Lungs “hcl testi Sie Marae eo are GMT rset pee Ee 9 36. % 
Pharynx and larynx... 0... eee eee 7- 28. % 
Eyes (conjunctiva) 2 8. % 
Liver RAS: 3 12. 2% 
Spleen I 4. % 
Nose affect. without swelling of intermax. gland ... ... ... 10. | 40. % 
Only skin affected .. Be ESS? wis Be 12. % 
Skin and nose affected . . Ie Zh We 
Skin, nose and testicle affected Bs | 12) 0% 
Skin, nose, testicle and lymph. gl. afiected he 28% 
Skin, nose and viscera affected _ 2, 8. % 
Skin, nose, testicle, lymph. gland and viscera affected __. 2. 8. % 
Skin, nose, testicle and viscera affected : 3. 120% 
Skin, nose and intermax. gland affected Ze | 8. % 
Skin, intermaxi. gland, lungs and liver affected — Ue | 4. % 
Skin, nose, gland and viscera affected. . I. | 4.% 


As the above table shows, the part most disposed is, after 
the skin, the mucosa of the nose, then comes the testicle, the 
intermaxillary gland, the lungs, the upper part of the respiratory 
tract, the liver, the eyes, and finally the spleen. Here I must 
say that, most of the above cases were inveterated ones, and 
hence the percentage of internal changes was greater than 
expected. 


{ Case XXIX & XXXII (passing patients), case XIX (pure glanders) and case 
XXI, XXVII & IX (mixed infection) are omitted, 
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Saccharomycosts cutanea et subcutanea:—The youngest nodule 
is usually situated in the cutis. Subcutaneous nodules appear 
when the cutis is perforated by cutaneous nodules; then the 
process is extended over the neighboring parts, mainly through 
the lymphatic vessels. Thus appear subcutaneous nodules in 
the form of pearl cord. Clinically a fresh nodule is at first 
hard, not dislocable and not very warm, but frequently painful 
to the touch. The cut surface of a fresh nodule looks grey 
yellow and medullary. The connective tissue round the nodule 
is generally infiltrated and jelly-like, and we sometimes find 
thrombi in the local veins. Microscopically a fresh nodule 
consists of round cells, loaded with a number of saccharomyces, 
and such cells are sometimes provided with processes like 
pseudopodia. As the microbe increases in number, the hostile 
cells are gradually destroyed, and this results in the softening of 
the nodule, Unlike a veritable malleous nodule, in which soften- 
ing begins from the centre, the saccharomycotic nodule generally 
softens zz ¢oto at the same time. This difference may perhaps be 
accounted for by the fact that, while the softening in the former 
case is the result of necrobiosis due to nutritive disturbance, the 
softening of the latter is the result of more mechanical inter- 
ference exerted by the microbe. 

Ry the process of softening, the nodule is gradually trans- 
formed into an adscess of hazel to walnut size, which in turn 
perforates the skin, evacuates its content, and becomcs an w/cer. 
The content of abscess consists of thick glutinous pus, like tin- 
milk, or of bloody or dim fluid with cheesy floccules held in 
suspension. Microscopically we find abundant saccharomyces 
associated with numerous granules and often with pyogenic 
microbes, cocez or bacilli, The quality of the ulcer differs 
according to the condition of the animal ; in a weak individual 
the ulcer is hollow with inactive granulations. In the majority 
of cases, especially in strong young horses, vigorous granula- 
tion arises from the bottom and border of the ulcer, whereby the 
latter soon becomes prominent over the surface of the skin, in 
the form of fungi or polypi, 2-3 cm. in height—U/cus fungosum 
s. polyposum, tumor polyposus or properly called saccharomycom. 
Such polypous ulcers appear especially at the inferior part of the 
extremities ; as they grow longer, the peripherical end is subjected 
to decay and is torn off piece by piece. Another form of ulcer, 
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which is also common and is transitory between the asthenic 
hollow ulcer and the polypoid ulcer, is the crater-like ulcer, 
which is more or less prominent over the skin, and is generally 
covered with red brown or orange brown scabs; on removing 
the latter we find, at the centre of the ulcer, a small opening 
of bean-size surrounded by a salient border. The ulcer looks 
reddish yellow, and the central hole is often blocked up with 
glutinous matter consisting of fibrine coagulum mixed with red 
and white corpuscles and the microbes. By mechanical injury, 
such as biting, rubbing, &c., there may appear an extend- 
ed ulceration, necrosis, or a diffuse thickening of the skin 
and subcutis, resulting either in an extensive destruction 
of tissue or elephantiasts. In such cases different septic and 
pyogenic microbes, which have access to the wound, ac- 
celerate the progress of the disease. When the ulcer heals 
it leaves in the skin a funnel-shaped cccatrix destitute of 
hair. The following table shows how special parts of the body 
are attacked; the data are the reduction of the reports™ of 
veterinary students on the excursion to Fukushima prefecture in 


1892. Of 157 cases :— 


Regions affected : ae | Percent. | Regions & organs affected : ae! Percent. 
: | 2 at 

Lateral wall of chest. 64. | 40.7 % | Withers and back. 9. 5-7 % 
Shoulder. 58. | 36.8 % | Loin and haunch. 8. 5.0 % 
Neck (esp. jugular region)| 48. | 30.4 % | Perineum. 3: 1.9 % 
Breast. 41. | 30.1 % | Intermax. sional ng 31. 19.7 % 
Lateral wall of abdomen. | 36. | 22.9 % | Schneider. memb. 24. | 15.2% 
Anterior extremity. 34. | 21.6 % | Nose and interm. all . 9. 57% 
Inferior abdom. wall. 14. | 8.8 % | Face and interm. gl. 4. 2.5% 
Pectoral region. 14. | 8.8% | Nose without gland. affect.) 15. 9.4 % 
Head. | 13. | 8.2 % | Nose without skin affect. Me 06% 
Posterior extremity. Io. | 6.2 % | Only face is affected. | Tey | OG IOG 


It will be seen that the anterior part of the body is more affected 
than the posterior. The percentage of nasal affection is too 
low; this is perhaps due, in the first place, to the fact that 


(1) These reports have been supplied by Prof. Aa/sushima. 
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by the clinical observation alone, any deeper lesion can not 
be explored, and that, the cases, according to the reports, 
were mostly the slightly affected. Very interesting is that case 
in which the skin was not affected. The affection of the external 
genital apparatus, Which is common enough, is here absent. The 
following data” are the extracts from the report of the vetenary 
section of the Agricultural School of Miyagi. Of 38 cases :— 


Regions affected ; | as) Percent. ] Regions & organs affected : Aes Percent. 
= : fae 
Anterior extremity. | 30 | 78.9 % | Chest. TO) =|: 20:300% 
Breast. | 17. | 44.7 % | Udder and ext. genitals. 8. | 21.0% 
Neck. | 14. | 36.8 % | Face. ON RESON G 
Abdominal wall. | ut. | 28.9 % | Schneiderian memb. 2. 5.2% 
Posterior extremity. | ee 28.9 % 


According to our experience, exposed parts, such as the 
axillary region, breast, back, &c., and more especially the 
harness region, are most affected. The most common seats are 
the breast and the anterior extremities; in the posterior ex- 
tremity the disease appears generally at the internal thigh along 
the course of the saphena, 

Saccharomycosis of nose and respiratory tube :—The affection 
of these regions appears generally as a complication of cutaneous 
changes. Here the infection takes place either by aspiration or 
per continuitatem from the skin of the face ; primary nose affec- 
tion is very rare. When cutaneous farcy is far advanced, it is 
mostly propagated to the nose cavity, whence to the pharynx, 
larynx, and trachea, and exceptionally to the larger bronchi, 
the anatomical changes always decreasing in intensity in a 
supero-inferior direction. 

Nose affection is generally bilateral; and the anatomical 
changes correspond to cutaneous farcy. At first miliary nodules 
appear in the mucous membrane, mostly in its superficial layer ; 
such young nodules look grey or milky white and, until a certain 
size is attained, they preserve a spherical form. As _ they 
increase in size they become prominent over the mucosa and are 


(1) Cf. Kasauma-torishirabe-sho ; the percentages have been calculated by the 
author. 
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turned to ulceration. Often in an early stage softening takes 
place in the centre of the nodule, and it is transformed into a 
small abscess. 


Hollow ulcers are rarely found. Generally profound 
granulation rises from the bottom of the ulcer resulting in the 
formation of polypous growth, in the same manner as in the 
skin. The anatomical picture depends on the degree and age 
of the affection. In slight cases single nodules are hidden 
behind the turbinated bones ; in another case the whole meatus is 
filled up with granulation tissue, or the mucous membrane is 
extensively destroyed, or the septum nasi is perforated and 
blocked up with granulation tissue. The star-shaped cicatrix 
is rare at least in an evident case of saccharomycosis. 


Clinically in slighter cases of nasal affection there is no dis- 
charge from the nostrils; in another case we find discharge of 
thin fluid or mucous or muco-purulent or bloody or ichorous 
fluid, and the breath is often stinking. When stenosis takes 
place, respiration becomes difficult and snuffling. 


Saccharomycosis of lymph. glands s. Lymphadenitts saccharo- 
mycotica. It is interesting to note that the intermaxillary gland 
is less affected, and is not in all cases a complication of nasal 
changes. In an advanced nasal affection both intermaxillary 
glands are swollen; but in slighter cases this is not always so. 
The same swelling is observed when the face is affected. 

Clinically the swelling is moderately hard and_ freely 
movable; not knotty nor so hard as in true glanders ; it is also 
not so extensive as in strangles. Anatomically the swelling 
consists either of simple hyperplasia or of medullary swelling or 
medullary derds or nodules are embedded in the hyperplastic 
cortex. Sometimes small abscesses are found ; in the pus and 
medullary erds a certain number of saccharomyces is always 
present, while in the hyperplastic portion the latter are very 
seldom or never found. 


More common is the affection of lymph. glands of the axil- 
lary, inguinal, and plical regions, as the extremities are com- 
monly affected. In all cases the induration of the gland, in the 
strict sense of word, has never been stated, at least in the 
observed cases. The anatomical character is quite the same as 
in the skin. 
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Saccharonycosis of the testicle, epididymis, and the external 
genitals (Orchitis, epididymitis, funiculitis saccharomycotica ):— 
The morbid process begins here mostly at the scrotum or prae- 
putium, and by dessemination it is propagated over the tunica 
vaginalis, testicle, epididymis, and the spermatic cord. By this 
process an intergrowth of tunica vaginalis between the visceral 
and parietal layers takes place. It is rarely the case that the 
testicle is primarily affected without local cutaneous changes— 
metastasts. The herd of the testicle is always circumscribed and 
spherical in form, and its anatomical character is simulating that 
of the lymphatic gland ; frequently it softens and is transformed 
into anabscess. The content of the latter is thick and milky; under 
the microscope we find init myriads of saccharomyccs, lymph cor- 
puscles enclosing the microbes, free zzclez, cocci-like granules, 
fat grains, &c. In the skin of the external genitals, scrotum, 
penis, praeputium, the ulcers are funnel-shaped, the cavity being 
filled up with wound secretion mixed with smegma, and in most 
cases the local skin and subcutis show a diffuse thickening. 

Saccharomycosts of internal organs:—The lings, which are 
often the seat of glanders, are rarely affected. What we find are 
chronic indurative pneumonia, pleuro-pneumontia, and in limited 
cases grey nodules simulating the malleous nodule. The chronic 
pneumonia often appears in the anterior lobes, consisting of irre- 
gular herds of variable sizes, pea, walnut, hand-breadth, and 
even larger, either circumscribed or diffuse: on the cut 
surface smaller nodules of from linseed to pea size are 
found embedded in the primary ferd. Anatomically it be- 
longs to the lobular pneumonia consisting of interstitial 
cell infiltration around bronchioli and alveoles (PI. III, 
Fig. 2), and in this tissue saccharomyces may be found but in 
limited numbers, and not in all cases. The grey nodules are of 
sinapis to linseed size, semitransparent and hard, either a few or 
many scattered over the whole of the lungs, particularly met 
with in the case of an extended nasal saccharomycosis. Unlike 
proper malleous nodules a hyperaemic zone is here wanting. In 
the spleen and Liver we sometimes find a few metastatic abscesses 
containing ordinary pus free from saceharomyces, and in the 
kidneys multiple herds of chronic indurative nephritis, Thus, in- 
ternal changes in general, are not characteristic of Jap. farcy, and 
according to my present knowledge, they seem to be secondary 
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changes caused by the irritation of morbid products aspired or 
absorbed by blood vessels and lymphatics. Most pulmonary 
changes, for instance, would not be the result of direct irritation 
of saccharomyces, but due to the irritation of morbid materials 
or pyogenic bacteria aspired from the ulcerative surface of the 
nose. Thesame view can equally hold good with other internal 
chang:s. The morbid products absorbed by blood vessels may 
occasion metastasis or irritate any excretory apparatus, especial- 
ly the kidneys, through which they are eliminated from the 
body. 

On the general state of health: —I\nslighter cases of Jap. farcy, 
when the process is localized in a small circumference, there is 
no evidence of general disturbance ; the patient is active, has a 
good appetite, and no febrile symptoms; even in advanced cases 
the animal can do its ordinary work. When the nose is affected, 
or when cutaneous changes are far advanced, the condition of 
the animal quickly falls, emaciation sets in, and the result is 
cachexia and death. In most advanced cases the appetite is more 
or less disturbed, and the temperature is always above 39° C.— 
hectic fever. 

The disease is always of long continuance, and may last for 
months or even years. Acute cases, in the true sense of the 
meaning, never occur. The disease assumes an acute character 
when it is spread over a large part of the skin and of the mucous 
membrane of ¢ubus respiratorius. Exact details as to the dura- 
tion are wanting. 

Termination and possibility of treatment:—As the disease is 
progressive, so in the natural course it generally terminates in 
death. Complete recovery is possible by radical operation, but 
only in slighter cases, in which the process is still localized in 
the skin. We must, however, remind the fact that, cure was also 
possible without any surgical operation (Case XXVIII), in which 
case the subcutaneous nodules were successfully encapsuled by 
connective tissue. In order to ascertain whether the cure, as 
commonly spoken of, is apparent or complete, we have dissected 
a number of horses, which had recovered from farcy. The anam- 
nests and status praesens were as follows :— 

1. Black stallion, 7 years old; dissected on July 2nd, 
1888. Anamuesis: affected in the spring, 1887 
treated and cured. Status pracsens: many cica- 


trices over the body, keratitis traumatica in the 
right eye. 

2. Black bay stallion, 10 years old; dissected on July 
6th, 88. Anxamnesis was the same as the preced- 
ing. Status pracsens: many cicatrices arranged 
in chains were found on the right side of neck 
and the left side of thorax. 

3. Chestnut stallion, 10 yars old ; dissected on July 6th, 
88. Anammnesis not exactly known. Status prae- 
sens. many Cicatrices on the right jugular region. 

4. Bay stallion, 12 years old; dissected on July 7th, 
88. Anammnesis: 7 years ago affected and suc- 
cessfully treated. Status praesens : no trace of 
cicatrix ; one nodule of uncertain nature in the 
skin. 

5. Dark chestnut stallion, 5 years old; dissected on 
July 8th, ’88. <Axnamnests: affected in Novem- 
ber, 1886, and successfully treated. At that time 
the intermaxillary gland was also swollen and 
turned to abscess. Status praesens > 17 cica- 
trices on the left jugular and scapular region. 

6. Light chestnut stallion, 10 years old; dissected 
on Aug. 8th, 88. Anammnests not exactly known. 
Status praesens : 5 cicatrices on the breast ; 
extensive saddle gall. 

Postmortem we found in one case a very small nodule in the 
lungs, in another, a cicatrix in the nose, and in the 3rd (5.), a 
slight thickening of the intermaxillary gland with deposit of 
lime. The changes found in the latter 2 horses were certainly old 
traces of farcy, but we may regard them as cured; for, there 
was no evidence of actual processes going on. The pulmonary 
nodule was of doubtful nature. In other respects there was 
no sign of actual existence of the disease. According to the 
experience of veterinary practitioners in farcy districts, the 
cutaneous form without nasal complication is mostly curable by 
surgical treatment. But we must not forget that, nasal affection 
and the affection of testicles and lungs are by no means un- 
common, and in such cases, except for slight affections of 
the testicle, complete cure is questionable. According to a 
report from Miyagi-ken total morbidity for 5 years (1887-1891) 
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was 3462, of which 84 succumbed and 48 were slaughtered. The 
remainder 3320 (3462-94-48) must be considered as recoveries. 
But this calculation furnishes too high number to be accepted 
as a reliable statement. 


2. AETIOLOGY. 


The contagtun of Japanese farcy—Saccharomyces farcimino- 
sus—is an oval or eye-shaped corpuscle provided with a 
thick membrane, and with more or less homogenous content. 
The transverse diameter fluctuates within 2.4-3.6 4 Both 
poles are generally pointed ; sometimes at one pole we find a 
but-like appendix, or 2-3 cells are joined together pole to pole ; 
the content is either homogenous and transparent or finely 
granulated, usually a coccen-like granule, 0.5-1.0 even 2. 4 
in diameter, is suspended in the content. The granule is either 
colorless or faintly yellow, has a strong refractive power and 
performs a lively mollecular movement, wandering in the 
content ; generally it is found near one pole. Sometimes also 
collapsed semilunar cells are found; they are probably old 
varieties, whose content has been evacuated. 

Saccharomyces are abundantly found in the morbid tissue 
and products, partly free in the plasma and partly enclosed in 
pus corpuscles, which are often loaded with 10, even 20-30 of 
them, and are thereby enlarged to double or triple the normal 
size, 13-21 y. in diameter. The protoplasm together with 
nucleus is pressed against the periphery, and the remaining 
Space is occupied by the microbes. 

Besides saccharomyces, we find, both in plasma and pus 
corpuscles, many granules, which look similar to that contained 
in the microbe. These granules are either solitary or joined to 
a kind of dplococcus. The smaller onesare colorless and bright ; 
the larger ones look homogenous, less bright and faint yellow. 

In young nodules of the testicle, lymph. gland, &c., sac- 
charomyces are mostly found in the lymphoid cells, while in the 
larger soft nodules many are free in the interstitial space. 

Young saccharomyces, which are full of protoplasm, 
easily take aniline stains, so also the granules contained 
in them; while those, which contain fluid plasma, never 
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take the usual bacterial stains, also those granules, which 
are free in the guwor puris, can not be stained. 

This microbe can hardly grow on artificial media, such as 
bouillon, nutrient gelatine, nutrient agar, potato, &c. The 
growth is exceedingly slow, and requires a considerable space 
of time before the vegetation becomes apparent. After a week 
the oblong cells are dilated to larger spherical corpuscles and 
the central granule or nucleus is also soaked, enlarged, and 
divided into 2 or more daughter granules of faintly yellowish 
and homogenous quality. The swollen microbe often attains 
a diameter of 6, 7 even 12°45 yw, and the granule of 2-5 yp. 
After a time the spherically swollen microbe assumes an oblong, 
cylindrical or dumbbell form, and then by partition it is divided 
into 2, 3 or more segments, and finally developes into a kind of 
hyphen; the latter is thinner in diameter than the spherical 
form, showing varicosities in different parts. In further course 
of time there appear by budding a number of secondary hyphens, 
and the tertiary from the secondary hyphen. Meanwhile the 
granules increase in number and accumulate especially in the 
terminal segment of the hyphen. 

Upon the nutrient agar, the vegetation first becomes ap- 
parent after 30 days in the form of greyish white grains. After 
40-50 days a single colony attains a diameter of 1-4 mm, and be- 
comes distinctly prominent over the surface of the medium. Ina 
fully grown colony, the surface is wrinkled by gyrz and sad/ez ; the 
colony is very compact, difficult to dissect with a platinum wire 
or to crush under a covering glass. Microscopically it consists 
of conglomerated /z/zvasen, composed of hyphen, spherical 
cells and a great number of free granules. The addition of 
grape sugar or glycerine to the medium has no influence on the 
vegetation. Inthe nutrient gelatine the vegetation takes place 
especially on the upper s¢ratum, 56 days after, the colony 
appears as a yellowish white sandy mass of an irregular shape, 
1-3 mm. in diameter; the gelatine is not liquefied. Whenthe 
gelatine is accidentally molten and the colony sinks, the 
growth is no longer continued. On potato slices the colony 
looks more brownish; otherwise it is similar to the agar-colony. 
Fluid media may also be used for the cultivation of this microbe, 
but pepton must be added. It does not grow in horse-dung 
infusion, hay infusion, sugar solution, &c. The optimal tempera- 
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ture is not yet determined. A slightly acid medium is more 
suitable than an alkaline one. 

Here again a few words are needed about the nature of 
intra- and extacellular granules. Our observation is not yet 
sufficient to draw a positive conclusion whether they are spores, 
as recently stated by Hansex in contradiction to the theory of 
Brefeld H. Moeller, &c. Hansen was successful in following up 
the germinative process of granules contained in some of the 
zymogenic saccharomyces. According to the staining pro- 
perty, as already mentioned, the central or internal granule 
appears to be a nucleus which by further division seems to be 
transformed into spores. Until the question is definitely settled, 
we will not say they are really spores, but we are inclined to 
accept, at least as to free granules, the opinion of HYaxsex. 


As already mentioned, the saccharomyces are often associat- 
ed with staphylococcus, diplococcus or streptococcus and certain 
kinds of bacz/iz, which are especially met with in the content of 
farcy boils and in the lymphatic glands. But the occurrence of 
these bacteria is not constant ; they are generally few in number 
and in deeper organs they are frequently absent; they belong 
mostly to the pyogenic variety. 


According to the result of inoculation most of the experi- 
mental animals, rats, hares, pigs, &c. seem to be refractory to 
this saccharomyces. When the horse is inoculated with the 
pure culture, the result is sometimes the development of nodules 
and abscesses, in which characteristic saccharomyces can be 
demonstrated. In many cases, however, there is no positive 
reaction. 


About these saccharomyces, as far as we know, there is no 
mention in German literature. Nor does it seem to be known in 
England or America. In the year 1883 Rzvolta and Micellone 
mentioned a special kind of corpuscle, called by them cryftococ- 
cus farciminosus, in so-called African farcy or farcino cripto- 
cocchico of the horse, but they were ignorant of the biology of 
that micro-organism. Peuch, 1888, wrote something about Farcenx 
a’ Afrique and to the aetiology of that disease he added that 
“the contagium forms on potato medium a grey white colony, 
which is different from that of dactllus mallet.” Afterwards many 
Italians attempted culture experiments of cryptococcus found by 
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Rivolta, but none of them met with success, and hence some 
authorities, among them Canalis, Piana, Galt-Valerio, &c. con- 
sidered that, the cryptococcus is a kind of sporozoa. Recently 
in 1895 Busse observed a kind of saccharomyces in sarcoma-like 
new formation at the tibia of a woman and C. Fermi and E&. 
Aruch have since reported the result of culture experiments of 
cryptococcus of Rzvolta, and they say that the microorgmism was 
easily cultivable and the inoculation of the culture was positive. 


According to the description of Rzvolta and others, the 
saccharomyces, which we have found in Japanese farcy, are 
undoubtedly identical with the cryptococcus farciminosus of 
African farcy. The culture experiment of Ferm and Aruch does 
not agree with my experiment, especially on the morphology of 
the vegetative form of saccharomyces. According to our ex- 
periment the vegetation of the saccharomyces of Fapanese farcy 
zs very Slow and gradual, and it never forms so distinct a colony 
in the 3rd day as observed by Fermz. He got only a spherical 
vegetative form. And from these differences it is doubtful whether 
Fermz's culture was the same as that obtained by me. Recently 
I have tried peritoneal inoculation of my culture and also of the 
content of farcy, on guinea pigs and hares, but the result was not 
promising. 


How does natural infection take place ? 


The postmortem and clinical facts that the morbid process 
begins mostly in the cutis and that it appears generally in ex- 
posed parts of the skin, indicate that the infection takes place 
from the skin more especially from superficial wounds. In single 
cases we observed infection from natural openings of the skin, 
hair follicles, sebaceous glands, &c. For proper infection, how- 
ever, as indicated by the result of inoculation, the praedisposition 
of the animal body plays a greater part, and this praedisposition 
seems to depend on the age and constitution of animal; sex, 
color of skin, &c., have no influence. The following data were 
supplied by Prof. Katsushima (a), Miyagi Agricultural School 
(b) and by Mr. Shinozaki (c), Military veterinary officer of 
the Remounting depot of Kajiyasawa, and the number has been 
reduced by the author. The 3rd is the average of 2 years (1890 
and 1891). 
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(a) Of 139 cases: (b) of 38 cases : (c) of 507 cases : renee as 
Age: Aver- Aver Aver- | VED rar: 
Total Jage for| 9 Total |age for| 9 Total |agefor,  - |age for pape: 
cases. | eaeh (9 | cases. | each 32 cases. | each . each a 
age. age. | age. | age. 40 
I—2 Be |) es 18 | — - — 4. 2.0 | 0.4 | 2.3 1.0 
3—4 12. 6.0 4.3 Ig. 9.5 | 25.0 | 189. | 94.5 | 18.0 | 36.6 | 16.0 
5—6 IS. 75 5.4 10. 5.0 | 13.1 Ol. | 45.5 8.6 | 190 8.3 
| 
7-8 18. | 9.0 | 6.5 4 2.0 | 5.3 | 88. | 44.0 | 8.4 | 18.3 | 8.0 
g—10o| 17. | 85 | 6.1 3 1.5 BON le 69283425) |) G16) 14:3.) 16:5 
Ron ees Onm ne 72 5:2 | Orn | = Age | 86 |) nO ge |) ag 
over16| 26. | 26 | 19 | 2 0.6 ns || aR, |) aro) WI fey 17 | oO 
a Mt Dag Ae etl i Ile s 
| | 
Total | 139. 38. | 507. | 
2 : fete | Re oie oe ae 
Under | | | 
I year 2. | 1.4% | | 
Thus most cases occur in the 3rd and 4th years of age. We 


must, however, remember that the average standard of the age 
of a horse varies in different districts. So, in breeding and raising 
districts, Miyagi for instance, younger horses predominate, 
while in those places, where horses are kept for service, there 
are more older ones ; and thus, for exact statement, allowance 
must be made for these differences. Praedisposition 
greater in weaker than in stronger individuals, in cold seasons 
than in hot, chiefly owing to the difference in hygiene. Whether 
disposition disappears after one attack, as believed by quacks, is 
questionable, and it requires further investigation."” 


seems 


The following circumstances may be enumerated as occa- 
sional causes ;—1. Long persistent pressure, which causes con- 
tusion and abrasion of skin, such as the pressure of saddle, har- 
ness, &c. 2. All kinds of skin wounds especially at the inferior 
part of the extremities. 3. Bad management especially of skin 
and hoof. During the winter season most farm horses have to 
stay many weeks in a dusty stable with a dusty coat and depend 


on a poor supply of winter rations. Here the resistence of the 


(1) Peuch says, of African farcy, disposition diminishes after one attack. 
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body is lessened, and the skin is loaded with germs and 
is easily infected. The under surface of the hoof is also gener- 
ally rotten, and the sensible tissue of hoof is thus exposed to in- 
fection. 4. Defective stables. Farm stables are generally bad- 
ly ventilated ; the floor is hollowed a foot deep or even more, 
and this excavation is specially provided for the preparation of 
stable manure, the most favorable condition for the propagation 
of disease germs. 5. Terrulicinfluences. The prevalence of this 
enzooty is closely related to meteorological and geographical 
peculiarities. It prevails more in low marshy districts than in 
mountainous localities. When the former is once infected, the 
disease becomes stationary and is quickly propagated. The 
disease may appear in all seasons, but specially prevails from 
autumn to spring as shown in the following table (from official 
reports) :— 


January 291°8 July B72, 
February  326°6 August 59'8 
March 304'°4 September  34°0 
April 306°0 October 180 
May 74'8 November 33°'0 
June 63.0 December 274'8 


It prevails more in rainy years and seasons and also after 
inundations. 


The above mentioned facts indicate that this disease 
belongs tothe group of mzasmatic-contagious diseases, the source 
of infection being the ground. The infection goes on chiefly by 
vehicles, soil, stables, stable utensils, harness, saddle, litter, 
fodder, transitory parasites, such as /vodes, Tabanides and 
Muscides. Immediate infection from horse to horse seems rarely 
the case. About zvcuwbation there is no exact statement. 


3. ACTION OF MALLEIN ON SACCHAROMYCOSIS. 


Since April, 1888, we have tried injections of emulsion of 
bacillus mallei on Jap. farcy patients. Result was mostly negative, 
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i.e. to say, there was no febrile reaction, except in one case, 


which was tried at Nishigahara (with the emulsion prepared by 
me). The result was as follows :— 


o'5 ccm. of emulsion injected on March 28th 1 p.m., '92. 


Date: Tempeature. Date : Temperature. 
28/111 1 pm. 37°8 C. 28/111 12 p.m. 39° C. 

my 5) eines 384 20/I1I 1 a.m. 38°4 

oy If jeeaoe 38°7 5 8 a.m, 38°3 

sy () JOHAR. 38°38 PelOharme Boas 

», 10 p.m. 39°2 EL 2a 38°1 

» ITpm. | 304 


Thus the temperature began to increase from the 5th hour 
and attained its maximum at the rith hour; the difference was 


Or (G 


Later on, in the year 1893 we have received from Drs. 
Preusse and Tyroester of Germany 3 bottles of fluid mad/ein, 
prepared on July 27, and Sept., 1892, and one tube of dry 


mallein. The result of the injection” was as follows :— 


(1) The farcy horses, cases XXIII-XXVII, served for experiment; case XXIII, 10 years old, 
with farcy changes on the right posterior extremity, in the testicle, nose, pharynx, larynx, 
and lymphatic gland ; Case xxIv, 12 years old, with farcy changes on the left flank, in 
the lymphatic gland, and lungs: Case xxv, 15 years old, with farcy changes on the 
shoulder and thorax, in the testicle, nose, lymphatic gland, and lungs: Case Xxvi, 10 
years old, with farcy changes on the right hypochondrium, loin, thorax, praeputium, 
extremities, in the nose, testicles, lymphatic gland, and pharynx, and case xxv with 
farcy changes on the head, neck, right shoulder, chest, abdomen, extremities, and 
perineum. The mallein was diluted, each time, with 0.5 % phenol-solution in the pro- 
portion 1+9. 
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Fluid aalletn o.t c.cm. 


Date of injection: 8 a.m., Feb, 10, ’93. 


Date : Case xXIIl. | Case XxIv. | Case xxv. control. 
7/2 p.m. S757 Se 37s01C- — 
8/2 am, 37°6 37°5 BUMS Cr, 
phe 37°9 | 38°1 38°1 
9/2 a.m. 37°5 ? | 2708 
oat 38°2 38°o 38°1 
: =a nd 
10/2 10 a.m. S77 36°0 37°55 38°6 
si) So 38°2 36°0 38°0 38°. 
3 2 p.m. 38°3 a50K 38°2 3823 
a) Apa: 386 363 | «383 384 
Bs 6 p.m. 386 37°4 384 38°38 
» 9 pm. 38% 37°7 38°4 38°7 
11/2 a.m. 370% 2 B7ek — 
(2) 
Fluidjsallezn 0.5 c.cm. 
Date of injection : 8 am., Feb. 14, ’93. 
Date: Case Xxaml: || Case xxv, Case xxvi, | Control. 
Before injection. 37°5-38°2 37°5-38°1 3705 3755 
14/2 12 m. 37°3 37°55 375 37°2 
» 3pm. 38°3 38°4 38°4 37°5 
» 5pm, 38% 38°o 38°7 37°5 
» 8pm. 38°5 38° 38°5 37°5 


15/2 gam. 37°8 375 37°5 al 


(3) 


Dry mallein O.1 gram. 


Date of injection : 8 a.m., Feb, 17, 92. 
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Date: Case XXIII. | Case xxv. | Case Xxv1. Case XXVII. | Control. 
_| : 
Before injection. 36°5-37° | B75 37°93 37°4 — 
a 
17/2 10 a.m. 36°2 BirSe ail passes 37°4 36° ? 
py ues 36°5 38°o | 378 BIT 36°7 ? 
5 2 ype | 36°7 38°r 38°0 B7e7 36°8 ? 
» 4pm. 37°2 39°2 38°9 37°9 36°7 ? 
-»  6p.m. Gr || a8 39°5 33° 38°S 
eee 382 30% 388 38°5 38°7 
Se sOMpsMe 38°0 38°8 38°5 38°2 38% 
18/2. 8am. B7E3 | 38°r 37°38 37°0 — 
(4) 
Fluid malletn 0.5 c.cm. 
Date of injection ; 6 a.m., March 2, ’92. 
Date : Case XXxV. Case XXVI. Control. 
1/3 am. 36°7 37°2 | 37°7 
” m. 36°7 37°3 38°3 
2 p.m. 37°! 37°3 384 
2/3. 6} a.m. 3720 37°0 37°8 
>»  § am. 37°! 36°8 37°7 
ptOnans SEK 37°2 37°9 
» 412 m, S73 37°%4 ela! 
» 2 p.m. 37°4 37°3 38°0 
» 4pm. 376 37° 38%4 
» 6pm, 37° et 38°2 
» IO p.m, 37°3 37°5 3 


Résume: 


Experimental | Kind of Deer Maximum Time of Temperature 

animals : mallein : : temperature:) max. tem. : difference : 
aaa | — 

XXII. Fluid m. 0.1 ccm. | 38°6 C. 8th h. 0.4.C. 
XXIV. 5 oy Boi 13th h. 
XG a - | 38° 1oth h. 0.3 
Control. 4 = 38°8 1oth h. 0.4 
XXIII. 3 0.5 ccm. | 38°6 gth h. 0.4 
Seve fl . of 38°4 | gth h. 0.3 
SVE | . ss | 3897) 1 sour 1.2 
XXIN. |) Dry m. O.1 gram. | 382 | sefth Th, 1.0 
XXV. = 5 39°5 roth h, 2.0 
XXVI. 5 4 | 39°5 roth h. 2.2 
XXVIL ss 5 | 38°5 12th h. Lt 
XXV. Fluid m. 0.5 ccm. 37°6 | roth h. 0.5 
XXVI. ss ~ 2] | 12th h. 0.4 


The reaction of fluid mal/etv was insignificant. With 0.1 c.cm. 
mallein there was no reaction: with 0.5 c.cm. the temperature 
increased to 38.7°C. in one case, out of five, and the difference was 
1.2°C. Should we consider this as positive reaction, then it would 
make 20%." With dry mad/ein there was a distinct rise of tem- 
perature and if we admit the conclusion of Foth* and others 
and exclude those reactions, in which the difference was below 
2°, then positive reaction makes 5097.° After each injection 
appeared general weakness and slight depression and locally a 
swelling of hen-egg size; these symptoms lasted for a short 
time. Skin affection made quicker progression than before. 
Case XXIV died soon after the first injection. 

In the year 1895 mallein-injection was repeated by Prof. 
Katsushima in Tochiki-ken. The mallein was of the date 


* According to the statement of o/h the diagnostic value of different sorts of ma/letn 
are as follows :—With potato mallein of Preusse and Priesz 89% of those horses, who 
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Oct. 23, ‘94, prepared by Dr. Preusse. His result was as 
follows :— 


Max. [Differ-| "'™° |azaz- 

Patients: |Age: Farcy changes found on: aes aes nae ee 
temp.: 

No. 1.| 15. | Neck, shoulder, breast, chest, anterior extr. & gl} 39°0 | 1°4 | 8°30’ 
No. 2.| 9. | Pectoral region and praeputium. 38°0 | 0% | 8°20! 
No. 3.| 12. | Flank and praeputium. 38°1 | 05 | 8°00 
No. 4.| 13. | Shoulder and chest. 3822) (0°6) |||? 
No, 5.| 12. | Flank and umbilical region. 38°2 | 0°5 |12°00 g 
No. 6.] 9. | Shoulder and chest. B8ozq | ie2) | Io20/1 6 
No. 7.| 5. | Shoulder, breast and flank. 37°38 |—0°2 | — 3 
No. 8.| 11. | Breast and chest. 38°7 | 1°4 |12°0o 
No. g.| 4. | Head and intermaxillary gland. 38°r |—0° | 9°30! 
No. 10.} 4. | Chest, shoulder, nose cavity & intermax. gl. 38°5 | 0°9 | 8°oo 
No. 11.| 8. | Breast and pectoral region. 38°3 | 0% | 8°00 


In No, 1, 6, and 8, temperature difference was more than 
1°C., but the maximum was, in all cases, toolow. If we admit 
these 3 as positive then it will make 27.2%. This nearly coin- 
cides with my experiment. Taking both together into considera- 
tion the following conclusions are reached :— 


1. Solid madlletn in the dose 0.1 gram, injected in 
Japanese farcy patient gives positive febrile re- 
action at 50% (according to Foth 48%). 


have shown the temp. difference above 1°5 C. were glanders ; in those of temperature 
difference 1°-1°4C., 70.5 %, and in those of below 0,9°C., 11 % were glanders ; thus, 


difference above 1°5 c. positive 89 % 
” ” 1°- 1°4 c. ” 79.5 % 


53 below 0,9 c. 7 BEG 
With dry ma//ein of Foth, positive reaction was as follows :— 


Difference above 2° c. positive 96 % 
% pie O-1ez ic, a 46 % 
5 below 1°1 c. Pa fo) 


ze. to say the temperature difference below 1°1C. indicates that, the horse is free 
from glanders. If we make this allowance for our result, then we find the following 
numbers :— 


(1) Freusse’s mallein, 14.1% (20 x 70.5%) 
(2) Dry mallein. 48 % (50 x96 %) 


(3) Lreusse’s mallein, 19.1% (27.2 x 70.5%) 
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ty 


Fluid szalletn in the dose 0.1 ¢.cm. gives no reaction. 

Fluid smallein 0.5c¢.cm. gives positive reaction at 
27-336 (14.1-19.1%). 

4. Preexisting morbid process was accelerated after 


ios) 


the injection of malletn. 
Febrile reaction was more distinct in more severely 
affected horses. 
6. Highest temperature was in our cases always below 
39.5°C. and the maximum difference was 2.29 C. 
7. The maximum was attained at the 8th—r1oth hour 
after injection. 


un 


4. Differential Diagnosis. 


i. Malleus farctminosus et humidus. 


As already mentioned the clinical and anatomical characters 
of saccharomycosts are more or less allied to those of proper 
glanders, and differentiation is often difficult. The following 
points may serve for this purpose. 

1. Clinico-anatomically :—Saccharomycosis appears chiefly 
in the skin. Changes are less frequent in the internal organs 
and lymphatic glands, while true glanders often attack the 
internal organs, especially the lungs. Cutaneous eruption of 
saccharomycosis is very characteristic, especially fungoid new 
formations, which are at least rare in true glanders and farcy. Pus 
in the case of saccharomycosis is thick and glutinous like condensed 
milk, or it consists of a dim fluid mixed with cheesy floccules, un- 
like thinner quality of the content of the veritable farcy. Nasal 
affection is, in saccharomycosis, mostly bilateral with fungoid 
ulcerations, while in true glanders one side is generally affected 
with hollow ulcers which often terminate in star-shaped 
cicatrices. Such cicatrix is rarely found in saccharomycosis. 
Swelling of the intermaxillary gland is not in every case the com- 
plication of nasal affection ; the swelling, if present, is generally 
bilateral, corresponding to nasal affection; proper induration 
is never found. True glanders are mostly incurable, while sac- 
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charomycosis is curable in many cases. Diagnosis is more 
surely ascertained vy microscopical examination and by inocula- 
tion. 

2. Inoculation :—Guinea pigs are sensible to the contagtum 
of true glanders; for saccharomycosis they are, at least for 
subcutaneous injection, entirely refractory. 

3. Mallein injection may serve for this purpose only by the 
intensity of reaction. But asthe reaction is very irregular, we 
can scarcely depend on it. 

Special attention must be called to the fact that mixed 
infection of saccharomyces and of &. mallet is not impossible. Ac- 
cording to our experiments the contagium of true farcy may give 
an opportunity for the development of saccharomycosis in faster 
progression. Very important is the fact that the anatomical 
picture in the case of mixed infection appears, according to our 
observation, quite the same asin saccharomycosis. In such a 
case differential diagnosis is very difficult, as microscopical 
examination may easily lead to the misdiagnosis of a case. 
Hence for exact diagnosis we must closely examine each 
doubtful case in all directions as hitherto mentioned. 


ii. Afzmushe.? 


Himushi is another skin affection, which is also common in 
Japan, and which appears in farm horses exclusively in summer. 
It is at first acute, and suddenly developes with strong inflam- 
matory symptoms, resulting in an extended necrobiosis of cutis 
and subcutis. Thus arises a big ulcer with exaggerated granula- 
tion on the bottom and border of wound, combined with an 
enormous thickening of the skin and subcutis. Then it assumes 
a somewhat different aspect and is often liable to be confounded 
with saccharomycosis. The following are cardinal points of 
difference :— 

1. Aimushi always appears in a single part of the body, and 
is never disseminated. 

2. Aimushi is very itching. 

3. Morbid changes of AWzmushi consist of connective tissue 


(1) Gowley described one skin disease of horse—Dermatite granwleuse or plates 
estivale, in which Rivolta has found a small nematode—/i/aria trritans. Whether 
Flimushi is similar to that disease or not is not yet decided. 
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proliferation resulting in elephantiasis with vigorous big and 
vasculous granulations, and in the latter we find cavities, filled 
up with atheromatous matter, whichis never absent in Aznushz, 
while nodes and abscesses, characteristic of Jap. farcy, are 
wanting. 

4. The wound secretion consists not of pws Gonum, but of 
thick, thready fluid somewhat resembling syxovia. 

5. Himushi always appears in summer, and when the 
weather cools the wound heals spontaneously. 


lili, Gangrenous grease and some other kinds 
of phlegmone of extremities. 


These affections may lead to confusion, when they result in 
a chronic thickening or ulceration of the skin and subcutis, 
Recently we observed an epizooty of gangrenous grease in the 
Tram-car Company at Shimbashi. The epizooty suddenly ap- 
peared with a profound phlegmone, hot and painful swelling and 
febrile symptoms followed by gangrenous destruction of the skin 
and subcutis. Then appeared round or oblong ulcers of different 
sizes, dollar to hand-breadth or even larger, with distinct thicken- 
ing at the border and bottom of the ulcer. The clinical appear- 
ance was nearly the same as that of Wzmashz, without, however, the 
symptoms of itching and atheromatous degeneration. The seat 
was mostly the hollow of fetlock andalso the upper part of the 
extremities. We found a special kind of pathogenic streptococ- 
cus, whose aetiological relation had been proved by inoculation 
experiment. In the case of extended ulceration confusion is 
possible with saccharomycosis ; but this disease is, like Azmushz, 
confined to a single part especially of the extremities, and it 
shows neither nodules nor ulcers so characteristic of saccharo- 
mycosis. 


iv. Zvraumatic ulcer. 


This can be easily diagnotized, but such wound of extre- 
mities is frequently infested with saccharomyces (Case XXXIII). 
On watching a further course we find, in the case of infection, a 
cordy swelling or formation of abscesses in the neighbourhood 
along the course of the lymphatics. 


(1) Malze found streptococci in the grease of horse and concluded it to be the same 
affection as erysipelas in men (Jahresbericht B. IX). 


v. Ocdematous swelling of extremities. 


vi. Llephantiasis, Verrucous grease or Straubfuss, 
and other chronte swellings of joint. 


Verrucous grease is found at the hollow of fetlock, which is 
much thickened, covered with warty prominences, and shows 
often excoriation and exsudation, but never cord-like swellings 
or abscesses. 


vil. Zraumata of external genttal organs. 


In most cases of saccharomycosis, we find changes in the 
scrotum, praeputium, or penis. Ulcers are here mostly hollow 
and funnel-shaped ; so, sometimes liable to be confounded with 
traumatic ulcers. 


villi. Czcatrix of different origin. 


This can be distinguished by axamnests, by the form and 
arrangement of cicatrices and localities, where they appear. 
Chain-like cicatrices on the neck, breast, flank region, &c. are 
mostly the remains of former saccharomycosis. 


ix. Sarcocele, hydrocele, haematocele. 


The latter two may be easily distinguished by palpitation. 
Sarcocele may be distinguished by smooth and often enormous 
swellings and also by the absence of cutaneous lesion, which is 
always found in saccharomycosis. 


x. Saddle and harness galls. 


These may be ascertained by watching the course. 


xi. Bothriomycosts. 


It may appear at the spermatic cord after castration or on 
the saddle or harness region. There is no cordy swelling: the 
tissue is spongy, containing multiple purulent herds, in which 
characteristic pz/z-grains can be found. The course is also dif- 
ferent. 


xil. <Acténomycosts. 


Recently many cases of equine actinomycosis have been 
reported. AZaz/e, 1888, found in the scrotum of a horse, sar- 
comatous changes, in which Rzvolta has found actinomyces-like 
micro-organisms. Leblanc and Baranski, 1888, found it in the 
intermaxillary gland, Perroncito, 1890, at the patellar region of 
the horse, and Hamburger, 1889, noted osseous actinomycosis of 
the horse. Although we have not yet found it in our horses, yet 
we must bear in mind these statements. Differentiation may be 
possible in the same way as in bothriomycosis. 


xiii. Zumors and parasitary nodules of 
skin and subcutis. 


Here for differential diagnosis may be mentioned metastatic 
tumors, especially sarcom, melanosarcom (in intermaxillary 
gland), carcinom, fibrom, lymphadenom (especially in intermaxil- 
lary gland), fibroma verminosum (Sfiroptera reticulata), which is 
sometimes met with in Japanese horses at the saddle region, 
myiasis, ear fistule, cholesteatom at the false nostril, &c. 


xiv. Axanthemata as Eczema, Urticaria, 
Pemphigus, Impetigo, &c. 


Take generally an acute course. 


xv. Adenitis equorum and tts complications as the 
catarrh of guttural pouches, sinus, &c. 


These are liable to be confounded with nasal saccharomy- 
cosis. But by experience we know that nasal saccharomycosis 
without cutaneous changes is an exception. Besides glandular 
swelling in the case of strangles is extensive and mostly turned 
to a big abscess. 


xvi. Dermatitis contagiosa Canadensis pustulosa. 


Acne contagiosa equorum or Canadean horse pox is an acute 
infectious exanthem of the horse characterized by eruption of 
pustules in the skin of back and thorax, more especially on the 
saddle and scapular region; the pustules dry up and are trans- 
formed to a thick yellow crusts which afterwards detach toge- 
ther with hairs, and the ulcers, thus left behind, heal without 
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cicatrization, According to Dzeckerhoff and others the process 
is often propagated in the subcutis attended with the swelling 
of the next lymphatic vessels and glands. Quite recently a 
similar exanthem prevailed in Kiushu, in which the author has 
found the same dacél/z as discovered by Grawétz in the Canadean 
horse pox. In our case™ the eruption was chiefly found on the 
inferior wall of thorax and abdomen, more especially on the scro- 
tum, and it was complicated with a strong oedematous swelling 
of subcutis, while changes in lymphatic vessels and glands were 
never observed ; severe cases terminated in death. 

This disease can be distinguished by the shorter course, the 
stronger infectiousness, by the seat and size of pustules, which 
are smaller than in farcy, and are situated in the superficial layer 
of skin (vete mucosum), by the absence of cord-like swelling, and 
finally by means of inoculation and bacteriological researches — 
guinea pigs are very sensible for the contagiwim of Canadean horse 
pox. 


xvil. Lymphadentitis in the case of inflammation, 
suppuration or necrosis of different nature. 


This can be diagnotised by the primary lesion. 


xviii. Osteoporosis of facial bones. 


This is often observed in Japanese horses especially in 
the cross-breeds raised at Hokkaido. It can not be confound- 
ed with saccharomycosis, as in this case there is no cutaneous 
affection, and the course is very chronic—only liable to the con- 
founded only with veritable glanders. 


xix. TLvaumata of Schneiderian membrane. 


In this case wound border and bottom are not much infiltrat- 
ed and fungoid ulcerations never appear. The wound generally 
looks flat and smoother than in saccharomycosis. The course is 
also different. 


xx. <deutecatarrh of respiratory passage. 


This can be distinguished by strong redness of the mucous 


(1) These clinical remarks mainly owe to the report of Assist. Prof. Zyz27 who was 
sent to the plague district. The details’ of the investigation, carried on by the author, 
will be reported in another occasion, 
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membrane, profuse nasal discharge, &c. The course is also dif- 
ferent. Sometimes nasal saccharomycosis is higher situated or 
hidden between turbinated bones, and is invisible from the 
outside. 


Morbus maculosus, degeneratio amyloidea of mucosa of nose 
(Wolff), retention cysts, haemorrhagic ulcers in the case of 
pseudoleucaemia, &c., also require to be mentioned for differen- 
tial diagnosis. 


In all these cases microscopical examination is the safest 
means of diagnosis, provided that there is no sign of mixed infec- 
tion. For this purpose pus or any morbid matter should be 
mounted with the physiological solution and examined without 
staining and with a narrow diaphragm. 


le vine Gattle? 


(Saccharomycosis bovis.) 


About saccharomycosis in cattle my observation is limited. 
In the year 1890 we had to examine one cattle patient covered 
with numerous hazel-nut-sized round subcutaneous nodules, which 
were freely dislocable. According to anamuneszs, these nodules 
had existed for a long time, without any progressive or regressive 
change. For microscopical examination we extracted some 
nodules and found numerous saccharomyces identical with those 
of the horse. 

Later on, 1893, we received from one veterinarian of 
Tochiki-ken, similar nodules extracted from cattle patients. 
According to his information, the clinical symptoms were 
shortly as follows :— 

‘‘No. 1. Bull calf, 1 year old, of medium condition, suf- 
fering from skin affection. Subcutaneous nodules of hempseed- 
hazelnut-size were found on the neck, shoulder, dewlap, 


(1) Zschokke and Nocard mention bovine farcy, in which Vocard found special kind 
of bacillus (Reczi// p. 70, ’88.). This seems to be difterent from the case in point. 
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BNP at as ceetireseneeoss ls M5 = — = = I. I. 41433. 0.02 
saan ere aie cccke, itp = = — _— Ye I. 8. I. (134. 59-70) 
PN aganlOn eerecesscecsess 2: — I. = 3: = 56631. 0.05 
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EXPLANATION OF PLATES. 


PLATE I. Saccharomycotic changes in different parts of the body (horse) : 
natural size. Fig. 1; A part of skin, @ sacchar. ulcer partly covered w. scab, & crater- 
like ulcer, cc confluent ulcers, ddd fungoid or nodular ulcers, e the same confluent, 
f & g cutaneous and subcutaneous nodules. Fig. 2: A part of nasal septum with 
nodular ulcers ad. Fig. 3: A part of ext. genitals ; @ @ saccharomycotic ulcers, 4 4 
crater-like ulcers, c funnel-shaped ulcer, ¢ larger crater-like ulcer. 


PLATE II. Fig. 1: Subcutaneous node ; Fig. 2: Cutaneous nodes w- crater-like 
opening a; Fig. 3: Fungoid ulcer; Fig. 4: Saccharomycotic changes in hair follicles 
and in the corresponding subcutis; Fig. 5: Transection through cutaneous nodules, @ 
circumscribed in the skin, 4 cutaneous nodule propagated over the subcutis.—All in 
natural size. Fig. 6: Section of skin (picro-carmine prep.; Zeiss Ocul. 2, Object. A) 5 
aepidermis, 46 hair follicles, c sebaceous gland, ddd saccharomycotic herds in the 
thickened skin and subcutis. Fig. 7: Different forms of saccharomyces; « mono- 
granulated, 2 with finely granulated content, ¢c with 2 granules, ¢ d@ semilunar form, e 
apparently empty, / with larger granule, g 3 cells conjoined, / with bud-like appendix ; 
I--2 pus corpuscles containing many saccharomyces, 3 the same with granules, 4-5 
connective tissue corpuscles with saccharomyces. Fig. 8: Colony of saccharomyces on 
glycerine-agar (about 7 months old), Fig. 9: Vegetative form after a fortnight, a 
original, 6 swollen, ¢ spherical form with a number of granules, @ dumb-bell form, 2 
young hyphen, / extracellular granule ; Fig. 10: The same two months old; Fig. 11: 
The same more than one year old. 


PLATE III, Fig. 1: Microscop. section of a part of the Schneiderian membrane 
(horse), @ cartilage, d mucons gland, ¢¢ saccharomycotic herds ; Fig. 2: ‘Vhe same fr 
the lung with chr. broncho-pneumonia (Zeiss Ocul. 2, Object. D), @ bronchiolus, & 
para-bronchiolar and alveolar tissue with cellular infiltration ; Fig. 3: Saccharomyces 
from the content of abscess (Ze7ss Ocul. 4, Object. J Immers.) 


(The plate I painted by the artsit Yokoyama; Fig. 1-5 of the Plate II drawn by 
Assistant Professor Zunaka and Fig: 5-11 by the author; photograms of the 
Plate III were made by Dr. Okura and the author with the apparatus devised 
by themselves), 
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The Chemistry of Soja Sauce Manufacture. 
BG 


Y. Nishimura, Nogahushi. 


INTRODUCTION. 


The manufacture of soja sauce forms one of the important 
industries of Japan and the export of the article increasing from 
year to year.” The production in 1893 was 2,307,844 hectolitres 
(=1,279,238 koku). The number of brewers is now nearly 
10,000. 

One of the factories in Tokio alone employs 250 workmen 
and manufactures annually 45,000 hectolitres. 

Soja sauce is a dark brown liquid with an agreeable smell 
resembling that of toast. Z Murac investigated the composi- 
tion of 40 different samples, of which we mention the following 
two analyses :— 


SHE CII) OLAVILY oma. 15 2 ans ee eel 1.1850 1.2300 

Dryematter 2.2 .~ 2-0. En iA ova apes 37.607 39.923 

PR GLAI A MUEGOS EM cis ayer onesie» <lelses te 1.484 1.086 

(SUC OS RS is res pas Srarace See gee 2.696 3.334 

J DYES TT irae eit Oy ciara chee 0.688 1.100 

mcicivy (aslactic)) 2745. ec es. = 1.183 0.801 

ere anlc Matter...) <n0m saps 2's an 10.476 25.254 
ee GhilGiidier ign sre wares Saga: 16.032 ered) 
Phosphoric anbydride......:...... 0.530 0.389 


NV. Nagai and I, Murai® in addition to Tahara and Kitao® 
obtained the following results :— 


(1) Every Japanese uses daily in place of common salt from 50 cc. to 80 cc. of this 
sauce as a food condiment. 

(2) Tokio Eiseisiken Iho, Vol. 8, p. 35,1897. 

(3) Konig. Menschliche Nahrungs- und Genussmittel, 1884. 

(4) Yakugakuzasshi, Vol. 61 (1887), and Révue internationale des falsifications, 
1889. Bad. II, 159. 

Isono (Journal of the Tokio Chemical Society, Vol II. 1, 1882), compared also the 
composition of soja sauce in three stages of preparation, but the samples taken were not 
from the same original materials. 
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(a) (5) 
Wratter 2.224 st. cave eee Bee 73.60 67.42 
Totalinitrosen Pyepereaeie eee 0.74. 1.18 
Soluble albumingyesa-.=- eee 0.68 — 
Peptone) 2. acm Seeree te pees 1.79 — 
Ethereal exttactue ere ere 0.49 1207 
as 2.76 (as sugar.) 
Carbohydrates. ere eee 4.25 | 1.30% 2° 
Mineralomatter seem. ee ae 17.03 17.47 
Sodium chloride in-ashe. a7. an 1 ce 12.47 — 
Organic ¢Matters ig.35c es see _ Dae 
Volatile acids(as acetic) 4 a7 aae — 0.16 
Fixed acida(asiactic)) 2a. -ce1 seer — 0.83 
AICO! + 23,4 cn eee ee — 0.43 
AMMONIA 5 lesa poetic eae ee ae = 0.21 
Leucines sis S its eee ee 0.46 


The Chinese soja sauce, for the preparation of which A sfer- 
gillus Went is used in Java, is according to Prinsen Geerlig 
(Chem. Zeitg. 1895) a blackish brown ropy liquid of the following 
composition :— 


SPECihe oranityes. 2.5 arco ae eee Sere lege 

Witcacnone matter|o inalCOhOlma sae ae 4.87 

insoluble ,, PON rh eee 2.62 

: soluble inalcohol.. 0.25 
Non-nitrogenous matter | 

insoluble ,, ey Cae 

SUPALS. aces vei nie eae eee eee 15.00 

Sdédinm chloride” ~.225.. eee eee 17211 

Other mineral mattetes =. see eee eee 1.65 

Water. 2 5223. wom tee oe ere ae B72 


The nitrogenous matter insoluble in alcohol consists of 
peptone and legumin, which latter is precipitated with water. 
This is not observed with Japanese soja sauce, which remains 
always clear on the addition of water. 


Many erroneous reports have been published about the pre- 
paration of soja sauce.” Thus it has been recently asserted 
that bacteria have much influence on the ripening process as in 


(1) See e.g- Belohowhik, Z, Brauw, 1889. p. 433. 
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the case of cheese.” From my investigations, however, I infer 
that bacteria are not concerned to any extent, and that besides 
the fungus Aspergillus Oryzae (so important in the preparation of 
sake), only some kinds of Saccharomyces come into consideration. 
Soja sauce is prepared from wheat (sometimes also from 
barley), the soja been,” and a salt solution by a slow process, 
which requires from one to two years and sometimes more.” We 
may distinguish four principal stages :— 
I. Preparation of the wheat and soja bean. 

II. Preparation of the soja koji. 

III. The ripening process. 

IV. Pressing and boiling. 


PREPARATION OF WHEAT AND SOJA BEAN. 


The composition of the wheat and soja bean (so-called 
ztacht bean), used in my investigations, was as follows :— 


Wheat. Soja bean. 

VeAICET. aye stoi t «, 3 er: Sober ane 14.33% 11.16% 
In 100 parts of dry matter. 

JANES hy US Eng Nae Con geen a ste tes 0s Ook 4.08 
ORAAMIC MALE yin bistets x ait. 210 98.19 95-32 
Crudesprotein, 77... care a crster 13.46 40.30 
Bthervextracts): .:. 2. Setar e aceon 1.86 19.73 
GREG mE S. 5 ays hinting oy’ 3.55 4.94 
MG EAIIMIEFOSEN 55. sists Elaeaies « 2.154 7.408 
Albuminoid nitrogen..... Bee 2.008 O77 7, 
Non-albuminoid nitrogen...... .146 621 
SSAC ANS ora ciate? nso), sets) «re. are 74.02 2a 
IDES) > i eee ee ee ee ALT B.3 0 
GIucOse |. cc 2>- Perf wee ehecale ry — 
Weight of 1000 grains ....... Senseo aaa DUTCOO! 2 


(1) The view that a slow after-fermentation takes place is incorrect. ‘The large 
percentage of sodium chloride prevents bacterial growth ; however,.in very warm 
weather a scum of Saccharomyces may be observed, which is altogether an unwelcome 
appearance. 

(2) The so-called yellow soja bean (é¢achi) which principaily serves for the manu- 
facture of soja sauce is rather small and has a certain lustre. Sometimee the gray soja 
bean is used, but never the black variety. 

(3) All materials for my investigation were obtained from the great soja sauce 
factory, Asamasa, at Nakano near Tokio, I herewith tender my thanks to the proprietor 


for the liberality with which he assisted me in my work. 


(4) The soja bean contains galactan in place of starch. 
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The preparation of the wheat grains consists in roasting 
them in a flat iron pan while soja beans are thoroughly boiled. 

About 2.2 kilos of the wheat grains (3 litres) are roasted at 
at one time, being vigorously stirred for about 2 minutes. The 
workmen take care to obtain merely a brown colour by avoiding 
too much heat. The wheat loses thereby 2.77% of dry matter. 
The following table shows the loss by roasting :— 


Fresh wheat. Roasted wheat. 


Dry ‘matter uetemneeee oe eee 100.00 97.23 
ASH no ec cota. Gee a eee 1.81 1.87 
Organic matters’ 2... 55. see eee 98.19 95.36 
Crudéxprotein’ =. a4... seeee eee 13.40 13.28 
Ether extract = <t.0 tee eae eee 1.86 PAPA 
Crude dibret ae rg ee ee 3.55 4.30 
‘Total nitrocent pees ae eee ee 2b 2.125 
Albuminoid nitrogente s.4+ seers 2.008 1.959 
Non-albuminoid nitrogen ........ .146 .116 
Staelin: 2.0 woe eee 74.02 68.25 
Dextrin€....5 Sosa cee eee 4.70 6.41 
Giteose: : . 23 a oe eee 44 85 


Thus, nitrogenous matter and carbohydrates have decreased 
by the roasting action, while the ether extracts and crude fibre 
have apparently (relatively) increased. 

The roasted wheat is broken, each grain into two or three 
pieces, with a stone mill, before it is mixed with the boiled 
soja bean. 

The soja beans (about 563 kilos at a time) are first well 
washed with water, then poured into a large boiler of about 
10 hectolitres capacity with 6 hectolitres of water. The mixture 
is kept vigorously boiling for 4 hours, then for 3 hours more ona 
small fire, and is finally left standing for 12 hours.” Then the 
boiled soja beans are spread out and left to cool to about 30°C. 
The soja bean by absorbing water increases about 51.83% by 
weight and foses 6 to 6.5 per cent. of organic matter. 

Comparing the composition of the boiled soja bean with that 
of the original, we observe principally a decrease in carbo- 
hydrates. The following table shows the changes in composition 
by the boiling :— 


(1) The aqueous liquor (ame) run off from the boiler is used for feeding cattle. 
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In roo parts of In the boiled 


eEes Seas 

bean. therefrom. 
ID Rae 9 tS Oana oe orca 100.00 93-47 
CAS PRM arcs ar die: ia De she Steta ie cere 4.68 Aer 
Organic matter ..... MP csorhe Paro ee Obese 88.96 
Cruc@emprotetten. ssc daar. Sivins See « 46.30 45 30 
Pie te emebha COs ate. cicle alee ya Gide s ws)sie = 19.73 18.98 
(Giancle: Iloves NE eee ee 4.94 4.93 
MROLENITGOSEM: seins ans «oe Saas os 7.408 7.248 
(MibUMINnotd NILTOLEN |. 2c. shee 3 oe 6.777 6.715 
Non-albuminoid nitrogen .......... .631 aes 
Gerla GEAtSiern es caterers chetere Sie.sye) eine eos Zur 7.52 
Dextrine-like substance and sugars.” 3.31 12.19 


PREPARATION OF SOJA KOJI. 


The soja koji is prepared in a long narrow chamber built of 
brick or stone, or Sometimes in a sort of cellar. Both sides are 
occupied by wooden trays, called koji-buta, upon which the mix- 
ture of boiled soja beans and coarsely ground roasted wheat is 
spread. The quantity of the mixture on each tray is about 1.5 
kilos (2 litres) ; 2 parts of wheat for 3 parts of soja bean. At the 
factories which I visited, one of the koji chambers had a length 
of 10 m., a height of 3 m. and a breadth of 3 meters, and a very 
small entrance. Several small windows are situated at the op- 
posite end to regulate the temperature within. 

At first several small charcoal fires are started to produce 
a temperature of 36°C. 

The mixture of boiled soja bean and roasted wheat is not 
directly inoculated with the spores of Aspergillus oryzae, because 
after the chamber has been used for this operation for some time, 
the walls, ground, and vessels contain so many spores that special 
infection” is not required. 

It suffices to keep the mixture three days in this warm cham- 
ber to cover it thickly with the mycelium of that fungus. By 
the fungoid growth much heat is produced, which makes a fre- 


(1) A portion of this sugar in the boiled soja bean (7.579%) was soluble in strong 
alcohol and, like maltose, its reducing power increased by inversion, 

(2) Only a new chamber, used for the first time, requires a special infection; the 
spores are sold under the name of tancho/?. 


196 NISHIMURA : THE CHEMISTRY OF 


quent stirring necessary. The temperature of the mixture in the 
chamber changes from 30 to 40°C. 

The soja koji which served for my investigations had a weak 
acid reaction, contained 17.767% in the dry matter of soluble 
materials, and lost upon exposure to air 19.16% of water; it had 
the following composition :— 


Total anoisture2 eee ee ee 28.97% 
In 100 parts of dry matter. 
ASH wn. ihe) Sashes oe ee i ee eee 3.68 
Organic-matter ...2.¢22 sare See eee 96.32 
Crude proteing S35 4-8 shee eee 33.91 
Ether extract yy... ems usa eee 13.35 
Crude fibre isio2 ee ce ee eee Q.11 
Total snitrogen); 2a5 eo. ae oe eee eee 5.426 
Al buminoid nitrogen: a eae sc ee ee 4.905 
Non-albuminoidsmtrogen.4--2 >... ee eee .461 
Stareh and ealactanss aes ern Mee eae 15.39 
Dextrin-like; carbohydrates: <)--. eee 2.91 
SURALS!:.» oaks sion gp bete hee be oe ened ree 21.85 


The changes produced by the growth of the fungus may be 
seen from the following analyses :— 


Original In the soja 
mixture. koji obtain- 


ed therefrom. 
Dey matter 2.0. sn0s Aas eee ee 100.00 89.92 
Wshi ses feo ee ee eee 3.34 Pe 
Organic matter 2-722 43 ae eee 96.66 86 61 
Grude‘protein’ 2.cse0 ss ee ee 30.58 30.49 
Ether extract’ 22... = eee 11.06 12.00 
Crude’ fibre: ~ 222.25. 3 he eee 4.84 8.19 
Petal nitrosens 2534s eee 4.893 4.879 
Albuminotd nitrosen >. G22 seas. 4.476 4.464 
Non-albuminoid nitrogen.......... 417 415 
Starchyand aalactansy asses 39.97 13.94 
Dextrinslike: substance? 24s. 3. oz ee 5.63 2.62 
Sugar ©. 55.5% SEM eed ohne 4.75 19.65 


The loss of material by the development of the fungus amounts 
to 10.10% of total dry matter and concerns principally the car- 
bohydrates, while on the other hand an increase of crude fibre by 
fungoid growth took place. 
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The soja koji is now transferred into the fermentation vat which 
has about 80 hectolitres capacity ; here it is mixed at 20-30°C. with 
salt solution, and now forms the soja sauce wort (7oromz). 

The salt used is sea salt, but only of the better quality, con- 
taining a very small quantity of sulphates. Further, hard water 
is preferred to soft by the manufacturer. The salt solution 
employed in the factory during my experiments had the following 
composition :— 

SE GINCMOLAVILY. sac) cic eee we le she + TeiO4vat FO7c- 
Sodium chloride with some 


poetassiumeenloride ys ago? 
Maonestum) chloride. 5 ic... tee scene 79 
Meenestumisulphate:: 62 ovca.. ~-)3 Eze 
Calcium chlorides .5. 55M se Ane vhalaets .56 


CoE MICAL PROCESSES. DURING, THE RIPENIG 
OF SOJA SAUCE WORT (#OoROM]). 


Hitherto there have been no detailed investigations as to the 
extent of the gradual changes going on at different periods of the 
‘ripening ” process. During the long time required for ‘‘ ripen- 
ing,’ the mash is stirred twice daily in summer, but in winter 
only once, every two or four days. By this stirring not only is 
fresh air introduced, but also the mould which would be other- 
wise developed on the surface is prevented. 

The temperature in the soja souce wort of the fermenting vat 
from May 6th, 1895 to April 6th, 1896, was observed in the 
factory above named as follows :— 


Air. Wort. Air. Wort. 
May. {§ Maxim. ......... 26.°2 19.°8 | Noy Marx eeeeecte ne 20.°7 16.°0 
(1895) MON IN as cee aes 9.°2 17.°0 ¢ Maxinmieeeeet ner 1,°6 rails 
WER SII recpecoce 32. C Ke zZ.c5 Maxim: ......... 18.°1 11.°0 
One iinim. 1... 12% 1990 | P& {Minim. |... —4.°7 9.°0 
Jul Maxim snecen ete 31.°9 27.°O un, Maximsaeseercens WEL 8.°0 
Me Manim) Wereee see 15.07 21.°5 | (1896) Minne ee se —5.°6 6.°0 
MAXIM w ctenee se 33.°6 28.°0 Waximissanercrsees 16.°6 7.°0 
August.) Minimo 20°6 26°0 | Fe  }Minim, 1... -4°7 620 
: Maxime ee: 32.°2 28.°0 WERE, Sacecocas 18.°9 8.°0 
Sept. Mining. scscee-e 14. O20. ence: } MUTE, oesconetic —4.°3 6.°0 
Maxim] (reeset 26.°1 Pi le ; WIE S105 eececooe 24.°1 8.°0 

Oct. VIII aandee es o2 17.°0 April. (Vinnie seer er 


The coarse mixture gradually assumes a pasty appearance 
becoming very thick, and at the same time the colour of the 
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mixture turns dark brown, which is due perhaps to the solution 
of the dark substance produced by the roasting of wheat. The 
contents of the wheat grains soften more and more and after 8-9 
months the solid contents have softened so much that by pressing 
the grain between the fingers only a small amount of paste issues 
from the hollow husks. 

In order to observe the extent of the changes going on at 
different stages, 1 took samples from the centre of the same great 
vat at the following dates :— 


I. 4th June, 1895... 30 days after preparation of the wort. 
[ith Ani oustae ee OOF 5; 
Iie “2nd-October sae 150m. 
IV. Sth,Decemberr= 210m. 
Ve 2nd heb: 7 1806-6. 270 
VikS Cth Aprile ee ee 33Ou Gs 


Each sample was well crushed in a mortar to a fine pulp 
before being used for analysis, which was carried on according to 
the usual methods. The results may be seen from the following 
tables :— 


Composition of the soja sauce wort at six different stages 
of the ripening process: 


r Il. II. IV. Vv. VI. 
June. Aug. Oct. Dec. Feb. Apuil. 
INE nooo. dos OSOQ0O9 DUSAD ONOsHOU 30 days. go days. 150 days. 210 days. 270 days. 330 days. 

Water Wir avicccudaatcsmeceerc sees eee 58.87 62.37 62.64 62.23 62.01 61.82 
Dry matter eecencccscaeseesceneeeeaee AY.I3)= 37-63 37-30)" 37-770. 37-09 oe 
Motaltorzanic matter sens.s-seenee AI-13) 37/63), 37.361 937-77) = (37.00 Soule 
Substances soluble in cold water... 24.61 25.01 26.01 27.20 27.71 27.76 
OPGANIC +... seces ee ceeonceseumece ees 12.86 12.89 13.73 14.54 14.90 14.92 
Mineral :.occGnccscetecncse cohen setee PE75 | 1202) 2:25 12662 Or oor 
Volatile acid vcs. veccscsssesee) cence .0364 .0419 053.0588 ,o181r .0252 
Wixed Aids .c:5..2.sace0e ms oecseseeess 0508 =.0378 044 054 .0486 .0505 
ACOH]! oo cereecetsh aes ecteme scones 1.02 1.87 2.53 2.64 1.87 1.24 
Crudeiproteinieersesescsesee ree ce 9.87 9.93 10.08 10.23 10.24 10.05 
Eitherealvextract se-cresesnesete aarenes 5.76 6.06 7.10 7.62 7.84 7.85 
(aly ccsens nocdo-e insoeechaace 2.61 2.44 2.46 2.47 253 2.51 
Dotal mitrogentc-ec.- css eee reseeeeeen EF OS) SOO uILOT 30) 0-63 ONnILO2 SmmIEGOS 
Albuminoid nitrogen ... ........... 1.159 ‘1.038 798 .580 542 533 
Non-albuminoid nitrogen ........ 424 550 914 1.056 1.095 1,075 
Ammonia) .co2-ossscocenesecennenerass 055 083 159 .182 194 171 
Starch and galactams .............. 1.28 1.21 1.18 1.17 1.05 iyi 
DeXtrins) 5 sicsiscecstecsdevarcoesaseeer 1.24 1.15 .27 57 75 83 
SUGATS oe cectcescrsavesthbectecneceee 7.18 3.68 3.08 2.15 2.07 2.38 
Potal ashi... veceenccwacewerce 13508 1327.) 113'33° 91350) es 75s OG 


sodium chloride) 2:5) sececceeesneeeen T1670 VIN7T 11-81) 2.035 x2 2 eo 
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The following table shows the composition of the dry matter 
compared with the dry matter of the freshly prepared wort (koji 
and sodium chloride) :— 


Koji and I. Il. III. IV. v. vi. 
sodium chloride. June. Aug. Oct. Dec. Feb. April. 
A‘ G siclv oiorejeleleiaisisie) a's vic¥slatsielaloinre 30days. 90days. 150days. 210days. 270days. 330 days. 

dhotaliorganic mattertecc.csssssee0 7O.cl 67.53 64.47 64.32 64.02 63-81 63.56 
Substances soluble in cold water. 41.08 59.87 66.46 69.62 72.01 72.94 72.71 
OTEARNE. cosonadoogbesbcangaooeqopaceod — Ber SOK oi Bekyo Sie aie Ktors 
Mineral." ersrcccuercdsenostscetoe toe = EHH) AOS Bee) Seis Beye sedos 
Wolatile;acidiiess-eeetsteesesensese== “= .088 LI 142 156 .048 .066 
1 Bb Crs he Xe 6 as Aagecone. couspeeonCOCor — 123 100 —.118 143 .128 132 
ENT COMO) bese seee sever eciees oewasactste trace. 2.48 5.00 6.77 7.00 4.92 3.25 
Crd eiprotemmecccsss-sceeenesee ster 24.30 24.65 26.38 26.98 27.08 26.95 26.32 
Btherealextractes..ce4:-ss-rcn=-« 9:57. 14.00 16.10 19.00 20.17 20.65 20.56 
(Cradeiibremec....----- andtnocanosen 6:53 0:35) SO:;A0ueO:55, 0:54) 16:66) | (6:57 
Total nitrogen ......... ..... -..-» 3-889 3.848 4.220 4.317 4.332 4.312 4.212 
Albuminoid nitrogen............... 3.558 2.819 2.756 1.751 1.535 1.426 1.396 
Non-albuminoid nitrogen ...... .331 1.029 1.464 2.566 2.797 2.886 2.816 
PAT OOONON EY Ane, oaneoesqouesscocn oD60c = .134 226 .426 ©=-. 482 511 448 
Starch and galactans ............ 11.03 3.11 3.22 Sr OMS LO m2 4710 1.84 
DD EXUrIM ersseeh-eesscaas attest aaee 2,09 3.01 3.06 ae 1.51 1.07 2.17 
SU gatSheceseeecan: tees dchossvohecesse 15.66 17.45 9.77 8.24 5.69 5.45 6.24 
pROtAlWaShiong seen sy. ees cereiea issiact ZOIQONNG 2.225 58:25105 3105) 35-95) 8 3010) 30:56 
Sodiumichloride Vs. ..s1-..0 s+ 25250200 TOK Olm gILO5 mn S2u04un 22,50 


Essential alteration in the chemical composition, therefore, 
only took place during the first 210 days, and the greatest change 
during the first two months.” Not only was the nitrogenous 
matter altered,—albuminoid nitrogen decreasing greatly, while 
the non-albuminoid increased,—but also the carbohydrates were 
considerably affected, showing a decrease of starch and the 
production of alcohol. Also the crude fibre was affected by the 
enzymes of the koji fungus, especially in the first month after 
the preparation of the wort. The amount of soluble matter was 
gradually very much increased. The apparent increase of 
sodium chloride is, of course, due to the evaporation of a certain 
amount of water. 

It was clear to me that the whole ripening process consisted 
principally in the action of the powerful enzymes of Aspergillus 
oryzae upon the carbohydrates and proteids in the soja bean and 
wheat, and further in the development of an agreeable flavour. | 


(1) In the special case serving for my investigation, it happened that the first month 
was one of the warm months, The changes in the first month will, of course, be much 
less significant with a wort prepared in winter. 
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The production of the small amount of lactic acid and acetic acid 
by bacteria seems not essential, as it only takes place atthe sur- 
face of the wort in summer time, The great amount of salt added 
is intended principally to prevent bacterial growth and the fer- 
mentations caused by it; but at the same time the action of 
enzymes is very much retarded by the high percentage of sodium 
chloride. 

Thus O. Kellner, Mori and Nagaoka” proved that by adding 
9% of sodium chloride to the mixture of koji extract and starch, 
the amount of sugar formed at 40°C. after 2 hours was only 4 of 
that in the control solution without sodium chloride. In another 
experiment they found that with 129§ of sodium chloride only 
4.0% and that with 209% of sodium chloride only 1.6% of sugar, 
in comparison with that formed under normal circumstances. 

In another experiment, an addition of 209% of sodium chloride 
decreased the amount of the sugar produced to 7.7% of the nor- 
mal quantity. 

If we heat the soja sauce wort to 80-100°C. no action what- 
ever is noticed. Ofcourse, the enzymes are killed by this operation. 

As the present method of manufacture of soja sauce requires 
much time and therefore a considerable amount of unremunerative 
capital, it seemed to me of great importance to find some way by 
which the processes could be shortened. Two points seemed to 
me worthy of consideration. 

1. To hasten the action of enzymes. 

2. To produce the agreeable taste and flavour in the same 
measure as the enzyme action is hastened. 

These processes seemed to me independent of each other. 

In order to hasten the action of the enzymes of the soja koji, 
I crushed freshly prepared wort so as to increase the surface to 
be acted upon. 

In the factory neither the soja beans nor the wheat are finely 
pulverized, hence the changes must be much retarded, as the en- 
zymes penetrate but very slowly into the grains. 

And farther I diluted the mixture with an equal amount of 

_water, thereby diminishing the percentage of salt, and lence 
accelerating the action of enzymes ; of course by this means the 
conditions for the development of certain bacteria were rendered 


(1) Bull. College of Agriculture ; Vol, I, No. 5. 1889. 
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more favourable than before. Still I believed there was sufficient 
sodium chloride present to retard considerably at least the lactic 
fermentation. 

This mixture I digested at a temperature of 30-35°C. for one 
week, whereby the amount of organic matter that went into solu- 
tion was 15.04%. This amount would correspond to six months 
stage of the present mode of manufacture. The microscopical 
investigation revealed the presence of micrococci but not that of 
bacilli. The original mouldy odour was not more perceptible, 
but neither was the normal flavour of good soja sauce developed. 
The colour of the mixture was dark brown, and its taste decided- 
ly sour. ‘ 

To the mixture just mentioned was added 29§ cane sugar 
and 2c.c. of thick sake yeast for 300 grms. of the mixture, and 
this was again digested at 30-50°C. for 12 days. In this case, the 
flavour was more agreeable and the taste not sour. The amount 
of lactic acid was only .044%, but that of soluble organic matter 
was 14.83%. 

In the next experiment the following mixture was digested 
for 8 days at 30-35°C. 


Germinated soja) bean o2 1.8.22. 5-e ss 50 grms. 
Baileys tira ltce Sees tore cre wads 50 AS sea sane 
GAMeRCUS AT tise ska hes Pate tatoos o's a 2% 
Mbniclscalce yeast vn netaberin. 16 HORS o actos. Te Sec: 
WEST MRR eee ko ts ea 75 5CC. 


After the second day 129% of sodium chloride was added.” 
Here the flavour was radically different from that of soja sauce, 
and the taste was slightly sour ; small yeast cells and micrococci 
were visible and 15.12% of organic matter had become soluble, 
Then the following mixture was digested for one week at 30-35°C. 


Gemminateausoja bean 73222. 8. cess. 50 germs. 
PS (0) Eu 5) hk Gat: Ce 25 grms, 
N7al be Ta aI rece U asm an ccs os a veces Pini 75 germs. 
SUA tee te cicn «eas a Peachey s ay 
BMINIle Gale SISA <A ee Vials CGR 


After the first day 129% of sodium chloride was added. 
The amount of soluble organic matter was 14.4%. 


(1) When to this mixture 12% of sodium chloride were added at the beginning, 
not only were there fewer bacteria observed, but also the enzyme action was much 
retarded. 
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I had also failed to develop the proper flavour and taste. 

These experiments show that by the substitution for the 
boiled soja bean of germinated soja bean no real advantage is 
gained, but considerable gain results from well crushing of the 
materials of the wort and heating them to 35°C, 

Some additional remarks with regard to the final treatment 
of the ripened soja sauce wort may not be out of place. 

The thick wort is poured into numerous small flaxen bags 
and pressed.” On an average there is obtained :— 


Refuse. Liquid. 


By: voltime. 22282 <4 anne ee EMA 7256 
By weight, so3.ecer sa eee ee 31.4.% 68.6% 


The refuse” is used for the preparation of an inferior kind of 
soja sauce by adding salt solution and some fresh soja sauce 
wort. The refuse here remaining serves as food for cattle or as 
manure. 

The sauce obtained is finally heated for 1-2 hours at 80-100°C. 
(sometimes boiled) in a large boiler, whereby some proteid is 
coagulated. After remaining 4-6 days in the settling vat® the 
clear liquid is fit for the market. 


MICROSCOPICAL EXAMINATION. 


Repeated microscopical examinations were made of the soja 
sauce wort at different stages, and it was found that although in 
the beginning the quantity of starch and galactan decreases 
considerably, there remain some starch granules even after the 
mixture has been standing for two years, while no trace of starch 
could be any longer recognized in wort of four years’ growth. 

In applying the iodine test I could not only distinguish the 
starch granules in wort two years old, but also the protein gra- 
nules by the yellowish colour they hereby assumed. 

Microscopical observation further demonstrated that the 
membranes of the cells of the wheat-endosperm and of the seeds 
of the soja bean, had been attacked and partially dissolved ; only 


(1) This pressing is accomplished in a rather primitive way by large levers upon 
which many large stones are fastened. 

(2) According to Z. Zsozo a sample of such a refuse contained 14.01% starch, 
4.88% nitrogen and 26.69% ash (mostly). 

(3) The sedimentary matter is mixed again with ripening wort. By the heating 
45-6.0% water is lost by evaporation. 
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the husk of the wheat had resisted completely. This action must 
be due to the powerful enzyme derived from the Aspergillus 
oryzae developed during the preparation of the koji. 

Bacteria need not be taken into consideration, because my 
numerous investigations had shown that bacteria which occur 
during summer time to some extent on the surface of wort,” 
could never be found in the living state in the interior of the wort ; 
a fact that will not surprise us when we consider the high percen- 
tage of salt. 


Gelatin-plate cultures were made with great care in the 
usual way by inoculation with platinum wire from wort of different 
ages. The mycelium observed was mostly due to Aspergillus 
and Penicillium. The small elliptic yeast cells observed re- 
sembled Saccharomyces exiguus while the large kind of yeast 
resembled sake yeast. I have observed these yeasts also in the 
cold aqueous extract of soja koji. The following table shows the 
number and kind of colonies obtained :— 


Time of ob- Ages of the pies a a 
servation. wort. Yeast. Mould fungi. Bacteria. 
24th Dec. 4 months. I au) fe) 
(1895) 62s 2 3 O 
I year. O I O 
“ 3 I fo) 
18 months. 18 I fe) 
2 years. I 2 (9) 
4 years. I 3 fe) 
6th April. 1 year. if 8 Be) 
(1896) Ns 5 many. O 


tHE PRODUCTION OF THE FLAVOUR. 


While the freshly prepared wort has a disagreeable mouldy 
odour derived from the Asfergillus in the koji, it gradually 
assumes altogether a different flavour. It is evidently the ex- 
ceedingly slow development of the desired flavour which retards 


(t) The small amount of lactic and acetic acid found in soja sauce may be due to 
their action, 
(2) The gelatin became liquified. 
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the production of soja sauce so considerably. We have seen 
before that all the principal changes are going on during the first 
two months while the ripening of soja sauce takes one to two 
years 

The question how this flavour is produced and whether its 
formation could not be hastened seemed to me of considerable 
interest. 


I supposed that the gradual production of alcohol has some 
influence upon it and that this, together with those products 
formed by the roasting of the wheat, would contribute to the 
development of the flavour. 


Indeed when I mixed crushed roasted wheat with some sake 
and digested the mixture for several weeks at 30°C., I observed 
a very similar flavour; the flavour was quite different when 
instead of roasted wheat boiled soja beans were used. 


By roasting the wheat or barley there is produced some 
maltol (Srand) which might perhaps gradually yield an ether 
of the desired flavour. 


SUGGESTION FOR THE IMPROVEMENT 
OF MANUFACTURE. 


As inthe present state of the manufacture so much time is 
required that a considerable loss of interest on capital is involved, 
the most important desideratum would be to shorten the time of 
manufacture. I have shown in the preceding pages that it is 
not so much the retarded action of the enzymes which cause the 
consumption of so much time, but principally the production of 
the flavour. I have further pointed out that the slow production 
of alcohol is evidently the cause of the slow development of 
flavour. 


In the second place the materials of the wort should be 
crushed very finely to increase the surface and open the contents 
of the cells to the immediate action of the enzymes which have 
been prepared by the Aspergillus oryzae during the koji 
preparation, 

In the third place, it has to be taken into account that 
during the 5 rather cold winter months the changes are almost 
completely at a stand still. 
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Therefore, the principal measures of the improvement I 
propose are: Ist, thorough milling of the roasted wheat and 
boiled soja beans; 2nd, application of a temperature of 35-40°C. 
and 3rd, direct addition of alcohol. 

This adding of alcohol instead of permitting the yeast to 
prepare the wort has this advantage that instead of 20-25°C, 
much higher temperature can be applied. A temperature of 
35-40°C. which, favourable as it is for the action of enzymes, 
would stop the alcoholic fermention altogether. I propose to 
add this alcohol in the form of sake or in the still cheaper form 
of x¢gorz™ which already has a certain agreeable flavour ; 5-10% 
of it wlll be sufficient. 

The expenses of milling and adding crude sake will surely 
be compensated by the much quicker utilization of capital, which 
may be turned over twelve times with my improvement to once 
by the old way of manufacture. I add here the result of an 
experiment which proves the correctness of my views. Common 
freshly prepared soja sauce wort was crushed very finely and 
with the addition of 2% of alcohol in the form of sake kept ina 
closed flask at 30-35°C. for 5 weeks. This mixture acquired a 
very agreeable odour and taste like that of common soja sauce ; 
upon pressing, the sauce obtained had the following composition 
(A), to which I add for comparison the analysis of a commercial 
sample of soja sauce™ (cf. above introduction) (2). 


(4) (4) 
Specie sravity (at 18°C)... .0. 1.1612 1.185 
Dinyameattene sevett”, Scheie @ tte nee 32003 37.907 
Mictale nitrogen: 2 556621628 nee 1,052 1.484 
Albuminoid nitrogen (peptone)....  .137 = 
Total acidity (as lactic acid)...... 141 1.183 
(SIIUCOR SY Oe PRO e ten eee een 2.91 2.696 
1Db ia aed pty Oa ee 45 0.688 
Motalrasiigeeereys st. ct wees 16.24 18.476 
Sodium chlomd ewe c.tht. sh.<s a. os 15.13 16.032 


In those cases in which the application of sake or nigoré 
would be considered too expensive, I propose to add 1 9% of 
thick sake yeast to the fresh soja sauce wort and to apply in this 


(1) A%gorz is crude sake. 
(2) The differences between the two samples are not greater than those sometimes 
found between two commercial samples. 
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case only a temperature of 20-25°C. I hope that the manucfature 
of soja sauce will be improved, however, not only by adopting 
the measure I propose, but also by introducing steam power and 
other modern appliances. 


Contributions to the Chemistry of Sake Brewing. 
BY 


J. Okumura, Nogakushi. 


I. THE PRESENT MODE OF SAKE 
BREWING. 


In order to become thoroughly acquainted with the pre- 
paration of sake, I have visited various factories at Noda, 
Nishinomiya, Sakai, Osaka, Kioto, Tsu, Muroyama, Yokkaichi, 
Handa, Kamezaki, Toyohashi, Fukui, etc. for longer or shorter 
periods and will here give for the convenience of the reader a short 
review of the various operations before I proceed to an account 
of my own experiments.” 

The operations are carried on from the middle of Novem- 
ber to the end of March in different factories and with varying 
details. 

The main stages, however, are :— 

1) The preparation of tane-kojt and koje. 

2) The preparation of szoto-mash. 

3) The preparation of szoromi or chief process which is 
again subdivided into three operations: pressing, 
clarifying, and preserving. 


(1) Tane-koji. 


While the koji itself consists of rice grains covered with the 
mycelium of the fungus Aspergillus Oryzae, the tane-kojt con- 
tains besides this mycelium innumerable spores of that fungus. 
Another difference is that while ¢ane-kgt is prepared from only 
roughly whitened rice® (not so well cleaned as a7 rice) the kajz 


(1) The descriptions by Aorsche/t and Atkinson are doubtless very detailed and 
especially the latter describes a series of interesting experiments. Neverthcless, the 
manufacture of sake still offers many points for further study. 

(2) Zane-koji is not generally made in the saxe factories, but its manufacture forms 
a special branch of industry. 

(3) In some factories broken rice is used for brewing. 
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itself is made from whitened rice. In whitened rice” a certain 
amount of protein is removed with the bran; so the imperfectly 
whitened rice may be better suited for the production of the 
spores of the fungus. The zane-kajt was analysed by Sato.” The 
rice is at first steeped in water for 12-18 hours, then steamed for 
about 2 hours, whereupon it is spread on straw mats. When the 
temperature has fallen to about 30°C., the rice is mixed with the 
ash of oak-leaves and the spores of Aspergillus Oryzae. The 
factories follow the old empirical rule that for about 200 litres 
of rice four litres of ash and 8 grams of spores are sufficient. In 
some factories spores are not added, as they abound in the air 
of the az room. The rice is then spread in thin layers in open 
wooden boxes (#aj2-buta) about 50cm. wide, 75cm. long, 5 cm. 
deep, and placed in the Zaz room. After a few days kept at 
25-30°C. the mycelium is well developed upon the grains, and 
6-7 days later innumerable spores also.” 


The addition of the ash of leaves is intended to accelerate 
the development of the fungus, and when we remember that the 
rice grains contain comparatively little ash and that this ash is 
distributed through the entire mass of the grain, while the fungus 
develops upon the surface of the grain, the beneficial action of 
ash will be understood as it contains all mineral matters neces- 
sary for the fungoid growth. Tane-kojt is sold in small bags 
of 250 g. 


(1) Whitening or cleaning of the rice is separating the bran from the grain. 
Keliner made some researches about this point in conjunction with Zanaka and 
Kobayashi, (Bulletin L, No. 5.) 

(2) We copy from Safo’s results the following analyses :— 


Roughly whitened rice 


mixed with ash. Tane-koji. 
Crade\protein’ aoa ee eee et tat tearto 7.990 8.875 
Ethereal extract ....... aie iape te aT oxcie eee acd 2.072 5.186 
Crude fibre sac Sate ce ioce eicteterocre sites 0.770 1.860 
Starch and non-nitrogenous extract............ 87.010 59.590 
IBIS 40g) hes Ree ROR IS an Coa cOGo SOU AGaaEt 0.500 1.770 
(Glucoses ae Anes ta ee Cee ice iee trace. 18.760 
MEMS = mos onnodascocsa200005 95 5005860600 = 2.050 
UNC) np Oa ane ans 3.00 POSH OO Uta OG 1.66 1.900 


(3) The ¢aze-koji makers mix some powdered malt with the steamed rice. Some- 
times they also use a certain kind of fungus called zza-koji which attacks the rice fields. 
According to Prof. Shirai’s reseaches the zva-koji fungus can produce yeast from its 
conidia. 
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Although the preparation of az has been described by 
several authors as Korschelt,” Atkinson, and Kellner,® some 
remarks may still be made here, as certain points require some 
further discussion. My own observations of the 2o7z¢ chamber at 
Toyohashi are the following. The air of this chamber, whose 
walls are constructed of two layers,” has a very mouldy smell 
and is saturated with moisture The temperature is kept at 
23-28°C. while of that of the air ranges at that time of the year 
(December) from about 3° to 10°C. The higher temperature 
of the o7z chamber is at first produced by wooden vats containing 
hot water,” but later on the respiration of the fungus produces 
so much heat that it suffices for the start of the next charge. 

In the preparation of ka7z proper about 100 grams® of tane- 
koji to 200 litres of steamed rice are well mixed at 28-35°C. In 
some factories the rice is not immediately infected after it has 
cooled down to 28-35°C. but is at first placed in the sot 
room,” collected into a heap, and left to stand for 6 hours 
covered with 2 or 3 layers of mats before the infection takes 
place. The mixing is accomplished by turning over the rice and 
spreading it repeatedly. Thus the spores are not only well dis- 
tributed, but also a most intimate contact of the rice grain with 
the rice straw mats is accomplished, which is very important. 
These straw mats, and also the air in the £o7z room and factory 
contain numerous yeast cells as I have ascertained by exposing 
a Petri dish containing sterilised nourishing gelatin to the air of 
the £ajz room for 10 minutes and also to the air of the factory. 


(1) Mitthg. d. deutsch. Ges. Ostasiens Heft 16 (1878). 

(2) Memoirs of the Science Department, Tokio Daigaku, 1881. 

(3) Bulletin I., No. 5, Agricultural College, Imperial University. Tokio. 

(4) The chamhers are sometimes constructed entirely underground, generally, how- 
ever, only the lower part is built into the earth. The walls and ceiling consist of 2 
layers, viz., of rice straw and clay material. The inner wall consists of a layer of rice 
straw 3 c.m. thick which on the outside is covered with a layer of clay 2-3 c.m. thick. 
These chambers built of planks are mostly 2m. high, 3-4m. long and 2-3 m. wide, 
contain one small window and a door about 1 m. high and 70 cm. wide. The floor is 
covered with husks of rice upon which is a layer of rice straw (about 3 c. m.) and 
finally straw mats are spread over it. 

(5) Such £072 chambers as serve for the manufacture of z/so are heated not by hot 
water but simply by a direct charcoal fire upon the paved floor. 

(6) The quantities vary in different factories. In some factories instead of /ame 
koji the spores alone (about 1-2 cc. to 200 litres of rice) are taken. 
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In the former case, I obtained 4 colonies of yeasts and 3 of mould 
fungi on the plate, while in the latter 27 yeast colonies and 12 
mould fungi were found. 

The spread out rice is again heaped up and covered with 2 
or 3 layers of straw mats for about 14-17 hours. 

Then the mixture is distributed upon wooden trays which 
are now placed beside and above each other in the oz cellar. 
When very coid weather sets in, these boxes are covered with 
straw mats. After 7-10 hours the mass is carefully mixed and 
heaped up again and at the same time the position of the boxes is 
changed, the upper ones being placed now at the bottom and 
vice versa, to procure an equal amount of heat for all the boxes. 
For the next 7-8 hours the temperature rises considerably as the 
development of the oz fungus proceeds, and the rice again 
becomes covered with white mycelium. The heaping and 
spreading and replacement of the trays are repeated from about 
six tosevenhours. The a7 is finally spread out on mats to cool, 
whereby any further development of the mycelium upon the 
grains is checked. 

In the Zoyohashi factory I have observed the following 
temperatures in the trays: 


6 hours after infection 240: EY ibe G 34°C) 
I2 ,, » » 39 ss 40 », 35) ay 
LS) Ge sea se 46 ,, 47 » 44 5, 
24 ,, y) ”9 43; 43 5 40 ,, 


(3) The Moto Process. 


The principal object of this process is the development of the 
yeast for the following or moromd process. here are only a few 
yeast cells in 4072 as I have observed by preparing a plate culture, 
but I have seen also numerous smaller globules (besides Asper- 
gillus spores) sometimes 2 or 3 surrounded by a membrane, which 


(1) Besides the development of yeast and alcoholic fermentation there proceeds also 
the saccharification of the rice starch by the enzyme of the 2o7i fungus. ‘he 
composition of £e72 was found by Kellner, Mori, and Nagaoka to Le: 
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give the impression of ascospores, The main source of infection, 
however, is the vzce straw as Mr. Yabe and myself have ascer- 
tained by experiments (cf. below Yabe’s article). The moto 
process, however, yields not only a great deal of yeast but also 
much alcohol and may therefore be also considered as the first 
step in fermentation proper. The azz used in the moto-process 
must be prepared with great care; skilled workmen can easily 
distinguish, by the appearance and smell, whether the product 
is satisfactory or not. A bad product may lead sooner to the 
development of dacterza than to that of yeast. In some cases also 


oe Rice. Barley. 
Steamed ‘ Steamed " 

In the dry matter. ores 3 Hoje: ee ee 
Crude proteinisss.s-eee eee 7.81 8.97 10.79 12.92 
Bipheriextract: sen ce.ceeeccicce ace 2.23 721 1.19 4.74 
Crudeiilrerr..-rcssssscctesneesees 1.05 1,60 1.52 4.53 
Starch idextnimiscGres esencesce 87.97 70.97 84.63 61.62 
MENG nh eee ee -— 6.05 = 11.03 
Glucose rena cisavace verenstere: trace 4.07 0.68 0.22 
ENG lige rer bes nai gers fet oo 0.94 1.13 1.19 1.94 
MaotaluNifrogent eae ene 1.249 1.436 1.726 2.067 
Albuminoid 4 1.229 1.246 1.621 1.768 
Non albuminoid _,, 0022 0.190 0.105 0.299 
Substances solube in cold water. 3.63 38.52 6.50 39-92 
PADTRTROSTHE) “oiccoe Hoa REBReE Lone Oroe == 0.020 — 0.024 
Volatile acids (as acetic) ...... == 0.079 — 0.003 
Hixed acids\(asjlactic)) ........ — 0.351 — | 0.516 


Atkinson obtained the following result : 


Composition of hoji dried at roo°C 


Dextrose 25.02% 58.10% 
Dextrin 3.88 4.40 
Soluble ash 0.52 0.54 
Soluble albuminoids 8.34 6.40 
Insoluble albuminoids 1.50 1.83 
Insoluble ash 0.09 004 
Starch 56.00 26.20 
Cellulose 4.20 1.94 


Fat. 0.43 0.50 
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a red yeast develops in the fermenting mofo. In the preparation 
of the moto mash™ 0.57 koku (0.0055 koku=1 litre) of whitened 
rice are used to start with. The rice must be first well washed 
with water in order to carry away the fine meal which still 
adheres to the grains, whereupon steeping in water for about 10 
hours and steaming takes place. After being allowed to cool 
by being spread upon mattings of rece straw, the mixture of kajz 
and water is carefully prepared in the following proportions 
at Toyohashi: 


Whitened rice 0.57 koku. 
Whitened rice for oz. 0237 
Water 0.80 ,, 


The cooled rice is divided into eight parts, placed in shallow 
tubs (hangirz) containing also the faz and water. After being well 
mixed and standing for two days the workmen commence to stir 
again with shovels called kaburagat or yama-oroshigat. By the 
repeated stirring the saccharification is considerably promoted. 
Occasional stirring continues for the following six days. The 
contents of the eight vessels are then poured into one vessel 
called moto-oke and left there for about two days. Now the 
temperature is gradually raised by closed wooden vessels con- 
taining hot water and the stirring is carried out 4 or 5 times a 
day“ We observed in Zoyohashi the following data :— 


Before warming 5-0°C, 
Ist day of warming gen ae 

PANG! 9 4 14-18° 
ard", ¥ 19-24° 
Attias 5 20-25° 
Seine * 28-32° 
Gthine, 5 33-30° 
FAIS ap a 34-362 


The heater is renewed twice aday. But some regard is paid 
to exceptionally cold or warm weather. 

Lactic and acetic fermentation is sometimes observed in the 
mash. We visited one factory whose manager complained of great 
injury caused by alcoholic fermentation not setting in with pro- 


(1) Experience has taught the manufacturers that it is advantageous to have this 
work carried on upon the first floor, perhaps because this can be kept cleaner than the 
basement story. 

(2) The heater occupies 4 of the volume of the moto-vessel. 
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per intensity, and the formation of much acid was noticed in the 
moto and moromt process. My opinion in that particular case 
was that proper cleanliness was disregarded. 

As long as the temperature does not rise above 13° C., 
fermentation is hardly noticeable, but later on, at 18-20° foam 
forms and increases until it forms a stratum of 30-35 c. m. thickness. 
The moto is finished with the decrease of fermentation. Now 
the liquid of one vessel is divided into 5 or 6 smaller vessels, 
occasionally stirred and kept cool until the chief process 
commences. This treatment leads to a beneficial aeration of the 
yeast. I have repeatedly examined the moto mash under the 
microscope and observed in the first stage only very few yeast 
cells but numerous bacteria while in the last stages just the 
reverse is observed. The bacterial growth is evidently coun- 
teracted by the rapid development of yeast and by the intensity 
of the alcoholic fermentation. 


(4) The Principal or Moromi Process. 


In the smoromi process not only alcoholic fermentation but 
also the continuation of the sacclarification goes on. In the same 
measure as the sugar decreases by alcoholic fermentation the 
kojt glucase produces fresh sugar, as it is evidently more active 
when the sugar solution becomes diluted. We have here a very 
essential difference from the process of beer brewing, because in 
the latter case not any addition whatever is made during 
fermentation in order to increase the sugar. 

The moromi process is divided into 3 operations : 

1) Soye. 
2) Naka. 
3) Lome or shimat. 

First the finished moto is brought down from the upper 
floor and put into a large fermenting vat called sanjaku-oke. To 
the moto is now added fresh £ojz and water ; the mixture is well 
stirred and covered with a wooden plate. After 12 hours 
steamed rice is added and the mixture stirred every 2-4 hours, 
whereby not only are the rice grains crushed for a_ better 
exposure to the action of the saz glucase but also more air is 
brought into contact with the yeast, the multiplication of which 
is thus considerably promoted. 
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The temperature of the mixture rises gradually to 12°C, 
Within about 10 hours the fermentation sets in and is finished in 
24-26 hours. The liquid is then divided into 2 parts, each portion 
is mixed with water and #o7z and after 2-3 hours with the steamed 
rice. This zaka process takes 24 hours. 

The mixture is now divided again into 2 equal portions and to 
each water, £ojz, and steamed rice isadded. This process is the so 
called ¢ome or shimaz operation. The quantities of materials used 
in these processes are the following in the Yoyohashifactory :— 


(1) The quantities vary to some extent in the factories as it will be seen from tn- 
following table. 


TOYOHASHI, TAHARA. 
Rice ei Water. Rice ora Wate: 
Moto. 0.600k0ku 0.240k0ku 0.760hoku Moto, 0.750k0k2 0.300k0ku 0.945k0LU 
Soye. 1.000 0.360 1,000 Soye. 1.200 0.360 1.20¢ 
Naka. 2,000 0.600 3.160 Naka. 2,c00 0.860 3.20€ 
Tome. 4.160 1,200 6.104 Tome. 3.480 1.050 6 03: 
HANDA. HANDA. 
Moto 0.600 0.240 0.700 Moto. 0.609 0.240 0.720 
Soye. 1.000 0.401 1.000 Soye. 1,000 O 400 0.900 
Naka, 2.000 0.6co 3.200 Naka. 2,000 ~ 0.600 3.000 
Tome 4.000 1 200 6.3cO Tome. 3.960 1.200 6 180 
KAMEZAEI. | YORKKAICHI. 
Moto. 0,500 0 200 0.640 | Moto 0.600 0.220 0.720 
Soye. 0.900 0.360 1.300 Soye. 1.000 0.400 1.000 
Naka. 1.800 0.540 2.400 Naka. 2.000 o 600 2.000 
Tome. 3.620 1.080 4.660 Tome. 4000 1.200 5.550 
NADA. NADA. 
Moto 0.750 0.300 0.900 Moto. 0.750 0.300 9.945 
Soye. 1.590 0.495 1.620 Soye. 1.500 0.480 1.700 
Naka 2.550 0.765 3.900 Naka. 2 800 0.850 4.000 
Tome. 5.445 1.605 7.000 Tome 5-570 1,700 8.979 
ISE. I. KIOTO. I. 
Moto. 0.500 0 200 0.400 Moto. 0.340 0.140 0.400 
Soye. 1.100 0.400 1.100 Soye. 0.720 0.160 0.9c0 
Naka. 2.000 0.600 2.600 Naka. 1.440 0.320 1.900 
Tome. 4.000 1.200 5.600 Tome. 2.090 0.450 2.750 
ISE. II. KIOTO. II. 
Moto. 0.500 0.200 0.700 Moto. 0.400 0.160 0.500 
Soye. 1.400 0.360 1.300 Soye. 0.700 0.200 0.950 
Naka 1.860 0.540 2.400 Naka. I 300 0.400 1.800 
Tome. 2,690 0.810 3.600 ‘Tome 2.000 0,600 2.800 
ISsk. III, SAKAI. 
Moto. 0.540 0.2184 0.650 Moto. 1,000 0.400 1.400 
Soye. 1.300 0.500 1.500 Soye 2.000 0.600 2.600 
Naka. 2.600 0.760 3.000 Naka. 4.300 0,900 5.600 
Tome. 4.630 1.300 7.080 Tome. 6.800 1.00 > 8.800 
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Rice. Rice for Koji, Water. 
Soye. 1.000 koku 0.400 koku 1.000 koku. 
Naka. PASO) y (GO) 1OOO) 55 
Tome. 4.000 ,, 1:2008 5; 63700" 5; 


The mixture is stirred again in from 2 to 7 hours. After 
72 hours the contents of the four vats are collected into a large 
vessel called vokushaku-oke of about 4500-4600 litres capacity. 
Here the fermentation proceeds energetically for 5-6 days and 
the height of the froth reaches 40-50 c.m. The temperature 
during the moromi process which lasts from 17-20 days is as 
follows (observations at Zoyohashz) : 


Ist day 8-12°C. oth day 23-26°C. 
PENG oe 10-14 ,, TOtMee DPD 
3rd\s, 11-15 ,, Tt 5, 20-2 he 
AINE iste PA-07 3, T2theeee 20-2ias 
Bt, 16-18 ,, ESthy #45 EAL 7. 3s 
Gtlhwen 19-20 ,, WAH 3 WAT op 
WEN 20-22 ,, reste Na ee 10-13 ,, 
Sthi ,, 222A. TOthe er g-10 ,, 


. 


(5) Pressing and Clarifying. 


On the 38th or goth day the alcoholic liquid containing still 
particles of rice grains in suspension, is filled in linnen bags and 
pressed. From 300 to 800 bags, of 6 liters, are piled up in a box 
covered with a plate, carrying a heavy stone. In the clarifying 
vessels the liquid is.now left to settle for about two weeks and 
finally it is heated in iron vessels for a short time to 60°C.‘ 
whereby the scum collecting at the surface is removed ; the 
finished sake is kept in well closed vats. 

A careful Pasteurization process and storing in sterilized 
vessels would of course be a desirable improvement. Sometimes 
small quantities of salicylic acid are added to preserve the liquid. 
As the residue from pressing still contains 5-6 % and sometimes 
even more alcohol, it is distilled after adding husk of rice in 
order to render the residue less compact. The distillate is 
called shdchu and used in the preparation of mzriu (a sweet 


(1) This heating is repeated several times during the hot season to avoid acetic 
fermentation. 
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liquor). The shdchu is consumed as a stimulant by the lower 
class. The residue serves also for vinegar manufacture. 

It will be seen from this description that sake brewing is 
capable of considerable modern ithprovements. Above all it 
would be desirable to work with pure cultures of sake yeast. In 
the second place the separation of the mashing process from the 
fermenting process would render the proceeding much safer and 
avoid losses so often encountered. The time of the brewing pro- 
cess might also easily be shortened by one half, and by means 
ot ice machines the manufacture made possible also in summer. 


Il. .ON THE LOSS OF STARCH IN SAKE BREWING: 


Before the whitened rice is cooked for consumption or is 
steamed for sake brewing it is usually washed with cold water to 
remove the fine particles of bran which are still attached to the 
grain, and which would impart an unpleasant taste to the pro- 
duct. {t seemed to me of interest to determine the amount of 
starch which is thus lost, as it has a considerable value. This 
starch could be easily recovered by collecting the liquid in large 
tanks, and allowing it to settle for a day. In order to obtain a 
reliable estimate I washed 0.05 koku (7.45 kilos) of whitered or 
cleaned rice in cold water until the washings ceased to showa 
milky appearance. These washings were collected and digested 
with 19% KOH solution. After standing 24 hours the supernatant 
solution was poured off and the subsided starch was washed 
repeatedly and collected ona filter. This practically separable 
air dry starch amounted to 32.025 grams=0.469%. 

As in Japan 7.5 million hectoliters, i.e., 7% of the entire 
rice crop is used for sake brewing, this loss is very considerable. 


(1) This amount only relates to the quantity of starch which could be recovered in 
a short time. In reality the total loss is much greater and was determine] in this case 
to be 154.7 grams carbohydrate (principally starch) from 7.45 kilos of whitened rice. 


(2) According to practical observations 87-95 parts of whitened rice are obtained 
from 100 parts of hulled grain by volume. ‘The proportions are as follows :— 


Lijkman Tanaka Kobayashi 
Whitened rice. 89.42 Q1.05 91.92 
Broken grain. 1.30 1.69 0,50 
Bran. 8.75 7-37 7.16 


Loss, 0.53 —_ 0.30 


6 
© 
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Another source of loss is caused by the imperfert mashing, but 
the residue from filtering of the moromz containing this starch is 
utilized in various other ways, which however, are of less profit 
than sake would be. 


MORSE VATLONS UPON THE PRINCIPAL 
ENZYME OF THE KOF/ FUNGUS 
ASZERGILEOS ORNAAE.) 


The diastatic enzyme of this fungus was first studied by 
Atkinson who found that it not merely produces dextrin and 
maltose, but the action goes further until dextrose results. 
Kellner, Mort and Nagaoka observed the strong inverting power 
for cane sugar but it still remains undecided whether there is 
present only one ferment or a mixture of several. 

It is of some interest to determine to what extent the amount 
of sugar and alcohol in the fermenting liquid would interfere with 
the action of the saccharifying enzyme. The kagjz enzyme was 
prepared by extracting several portions of faz one after another 
in the cold with the same diluted alcohol of 309¢ thus enriching 
the extract. From this filtrate the enzyme was precipitated with 
strong alcohol and ether ; after filtering, and washing with strong 
alcohol it was dissolved in a little water, This solution was left 
to stand for several days (a few drops of ether being added) to 
enable the ferment to saccharify dissolved dextrins completely, 
and then precipitated again with alcohol, and after being washed 
with alcohol, dissolved in goo cc. water. Thus the enzyme was 
obtained free from dextrins. 

100 cc. of this enzyne solution were distributed among 5 
flasks which contained a mixture of 10 cc. of a 6% starch paste 
and cane sugar in different proportions, dissolved in 20 cc. water. 

These mixtures were warmed to about 40°C. and frequently 
tested with iodine solution. The result was: 


Cane sugar % The starch was completely digested after: 
O 2 hours 30 minutes. 
5 4 5, 15 ‘9 
15 coin 15 49 
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The retarding influence of an increased amount of sugar 
upon the activity of the Aspergzllus-diastase is (in analogy to 
malt diastase) quite evident. 

In the same way an experiment with increasing quantities of 
alcohol” was made but even at 20% of it no such influence was 
noticed. 


Influence of Organic Acids. 


The peculiarity of the soromz process which combines the 
saccharification with alcoholic fermentation, and the frequent 
stirring which the sake yeast requires, is continually attended 
with the danger of acetic, lactic, and butyric fermentation setting 
and leading to considerable loss. As it is well known that for 
the most enzymes acids act noxiously, it was of some importance 
to find out to what extent the acids formed by bacterial action 
would interfere with the diastatic enzyme of Aspergillus 
Oryzae. As the noxious action of lactic acid was studied by 
Kellner, Mori and Nagaoka,” 1 tested only acetic and 
butyric acid. I prepared an aqueous extract ,of oj? (1 part 
of water for 2 parts of fot) and precipitated the enzyme 
with strong alcohol and ether. The precipitate, after washing 
with some alcohol, was dissolved in a moderate quantity of 
water. 10cc. of that solution were mixed with go cc. of water 
containing increasing quantities of acetic and butyric acid and 
1.2% of starch in the form of paste. After standing for 24 hours 
the determination of sugar formed proved a very noxious action 
at 0.5—1.09% of these acids. Further experiments with formic 
and propionic acid proved for the former that 0.5% and for the 
latter 199 produce a highly noxious effect upon the saccharifying 
power. 


(1) Kellner tested the influence of sodium chloride and found : 


Sodium chloride in % Reducing sugar, as dextrose. 
fo) 0.444 % 
2 0.223 
4 O.1155 
10 0054 
15 0.040 
20 0.033 


(2) Bulletin Vol. I No. 5. Imperial College of Agriculture, Tokio. From their_ 
results we see that a proportion of about 0.05% of lactic acid had the best effect and that 
when the amount of acid is increased to 0.19 and more, the inverting power of hoz 
extract is rapidly diminished, until at 0.69% and more it is suspended. 
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Influence of Mineral Acids and Caustic Potash. 


The flasks which contained increasing quantities of sulphuric 
acid contained 10cc- of aqueous solution of the enzyme. After 
standing for 20 hours, neutralising with sodium carbonate and 
adding 10cc. of a 0.2 % solution of starch paste the mixture was 
digested at 40°C for one hour. Fehling’s test showed then: 


Te 9%" SOs destroyed. 
Osta eS: destroyed. 
QOL Aa, active. 
ig COE destroyed. 
OND destroyed. 
OOM s. active. 


In a second experiment carried out in the same way I 
obtained the following results : 


o.02, % SO; active. 

ION | 5 S59 active. 

(GHOO) tan ae active, but week. 
0.08 

6:62) 96 KOH active 

OAL 5. as active. 

OOOn = 5, weakened. 

OlOSta ey ae. destroyed. 


The sulphuric acid at 0.06 % is therefore less noxious than 
potassa in the same concentration. 


Action of Heat. 


Atkinson has found that at above 55°C. the activity of the 
glucace rapidly diminishes and that between 60 and 70°C. this 
activity is completely destroyed. But it seemed to me of interest 
also to determine exactly this point with the pure enzyme solution 
as the experiments of Atkinson were simply made with an 
aqueous extract of £ojz which had an aezd reaction, that may have 
had an injurious influence. He observed that this extract turns 
very turbid upon heating to 60-70°C. which was due to the presence 
of coagulable albumin. I did not observe this phenomenon with 
the solution of the enzyme which I had prepared from the hojz 
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extract with 30 % alcohol as above described. I took 10 cc. of 
this neutral solution for each experiment and warmed it in a 
large water bath to various degrees whereupon some starch paste 
was added. After digestion at 40°C. for 30 minutes Fehling’s 
solution was applied. 


At 60° for rom. active, 
sat OC" i. BOM: active. 
Ose Om: active. 
5 05° 7) Bone active. 
ae Ow oo Sm killed. 


We observe here that this enzyme still remains active 
above 635°C., when the solution is neutral. 

Acetate of phenlhydrazin produces in the enzyme solution 
after several days a small amount of amorphous sediment which 
increased upon the addition of a littte alcohol. This sediment 
was filtered and yielded J///on’s reaction. 

In another experiment I mixed a concentrated solution of the 
enzyme with a few drops of ammonical silver solution; after 24 
hours standing in darkness a brown colouration was observed. 


Behaviour to Guaiacum Tincture. 


Schonbein observed the interesting fact that diastase of malt 
yields a strong blue coloration when it comes, in contact with 
tincture of guaiacum and peroxide of hydrogen. This coloration is 
due to the oxidation of guaiaconic acid caused by the action of 
enzyme and peroxide of hydrogen. However, the latter is not 
always necessary, as there exist enzymes which bring on this 
blue coloration also with the aid of common oxygen. &. Schone 
has found that guaiacum tincture, if perfectly fresh, also yields 
this reaction wirh common diastase of malt, which I have 
compared with the enzyme of the Zaz fungus in this regard. 

I dissolved the freshly precipitated az enzyme in a mode- 
rate quantity of water and then added to 10 cc. this solution, one 
drop of guaiacum tincture, and a few drops of diluted peroxide of 
hydrogen, but only a slightly bluish coloration was obtained, 
while the control experiment with malt diastase yielded at once a 
very strong reaction, indicating a considerable difference also 
on this point between these two diastatic enzymes. 


On the Urigin of Sake Yeast (Saccharomyces Sake). 
BY 


K. Yabe, Nogakushi. 


The source of the sake yeast which rapidly develops during the 
first stage of sake manufacture, called moto, has repeatedly been 
a subject of discussion and even at the present day is considered 
an open question. <orschelt first propounded” the hypothesis 
that the mycelium of the same fungus that brings on the sacchari- 
fication of the mash, is the source looked for, and believed that 
this case is analogous to that of Mucor racemosus. But 
Atkinson soon afterwards expressed his doubts on this point. 
He says: ‘“‘It is, of course, a matter of great difficulty to prove 
any preposition of this kind, but probability appears to my mind 
to be greatly in favour of the hypothesis that the germs have been 
either air-sown or were adherent to the grains of Zot before use.” 

Indeed, a series of experiments which I have made, partly in 
conjunction with Prof. Kozai, have placed beyond doubt, that 
the mycelium fungus in question, Aspergillus oryzae, is entirely 
incapable of yielding yeast cells. I have prepared pure cultures 
in the usual way and cultivated the pure fungus under a series 
of very different conditions, in absence and in presence of air, of 
good and poor nutrients, but never could detect the formation of 
yeast cells.°’ Sometimes, however, the cells became somewhat 
deformed in absence of air (growth was never observed under this 
condition) and when thus kept in Pastewr’s solution for 3-4 weeks 
showed small bright globules, which were neither fat nor 
glycogen, but very probably consisted of a peculiar proteid. 


(1) Mitthg. D. Ges. f. Ostasien, Tokyo 1878. 

(2) The Chemistry of Sake Brewing, Tokyo 1881. 

(3) The investigations of Atkinson and those of Kellner, Nagaoka and Mori have 
demonstrated the powerful action of the diastase and invertase of this fungus, 
I may here mention, however, that mannan prepared from the root of Amorpho- 
phallus konjak is not at all attacked by the enzymes of this fungus ; although a rich 
vegetation of this fungus was in contact with that gelatinised carbohydrate for three 
weeks, no liquefaction, no formation of mannose was noticed. 
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The conclusion I reached was that the Aspergtllus in 
question is incapable of transformation into yeast cells, and this 
has been confirmed recently by Kléckner and Skiénning.”? 

But nor can Atkinson's hypothesis be correct; the air. 
could not be the carrier of the yeast germs in the manufacture of 
sake, as this would imply the frequent occurrence of sake yeast 
in the dust of the air of Japan. But my repeated investigations in 
this direction did not reveal its presence in the air. Thus in the 
Botanical Gardens at Komaba I once passed 60 liters of air 
on a bright clear day through a flask containing sterilized 
Pasteur’s solution, kept somewhat acid by monopotassium phos- 
phate. After several weeks mould fungi and yeast cells, besides 
bacteria, were developed, but among the yeast cells no sake 
yeast was discovered on further investigation, while much Woutla 
was observed. 

The air in the 4o7z cellar, however, contained the same yeast 
which plays the principal role in the fermentation of the sake 
mash, I exposed a sterile gelatine plate, of a diameter of 9 cm. 
for 30 minutes to this air and counted, after 76 days’ standing at 
rather low temperatures, of colonies of Penicillium 207, 

of Aspergillus 71, 
of yeast 30. 

This yeast agreed in size, and form, and energy of fermen- 
tation with sake yeast. How did this yeast reach these cellars? 
Certainly not through the boiled rice grains which serve to make 
koji, but through rice straw, which is used in the form of matting 
for spreading over the 4a7z, and covering it. The following facts 
confirmed the probability of my supposition. 

1. All the rice sent to the factories is packed in rice-straw, 
the dust on this straw is thus distributed through the whole factory 

2. The boiled rice is never handled in wooden vessels, but 
always upon mats made of rice straw. The matsare never made 
of any other straw. Even the straw of upland rice is declared 
unsuitable by the manufacturers. 

3. The steamed and cooled rice is rubbed upon these mats 
by hand, to avoid lumps and separate the grains. 


(1) Centralbl. fiir Bact. 1896. During my studies on the development of this 
Asp.rgillus ander different conditions, I also applied solutions to which small quantities 
of ferrous sulphate were added, and observed that only in those solutions containing‘some 
iron spores were developed, which shows, in accordance with Dfo/ish, the important 
influence of this element on fungi 
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4. The sides and roofs of the #o7z cellars are covered with 
matting of rice straw. 

5. In the preparation of moto the vessels are covered with 
this matting. 

6. Every year new matting must be made of fresh rice-straw ; 
the renewing of these mats even takes place several times during 
one and the same brewing season. 

Indeed, yeast identical with sake yeast was obtained upon 
examination of the straw of the matting in the kajz¢ chamber of 
the fresh rice straw taken from the fields, and even of the soil 
of rice fields. Inoculations were made by transfering small chips 
of the straw into sterilized Pasteur’s solution and preparing after 
some time a gelatine plate from the yeast sediment formed. The 
colonies of the sake yeast could easily be distinguished from 
those of Saccharomyces mycoderma and of a small kind of yeast 
somewhat resembling S. ex¢guus ; colonies of mould-fungi and 
bacteria were also present. Of the sake yeast thus obtained a 
larger quantity was cultivated to enable exact comparisons to 
be made.” 

It is an interesting fact that in sake manufacture ove kind of 
yeast is principally observed although nop recaution is taken to 
avoid wild yeasts, as Saccharomyces apiculatus, S. exiguus, etc. 
In the first stage of the moto process there is generally found also 
a small kind of yeast, but later on this is no longer noticed to any 
notable extent. Also there occurs sometimes a development of 
red kinds of yeast, which however are harmless. 

The sake yeast forms globular or slightly ellipsoidal cells of 
5-9 in diameter, generally of 7 4. In gemmation the cells 
separate very soon and never forma larger connecting group like 
the ‘‘ top yeast’ of the brewers. The yeast forms on gypsum-blocks 
(never in the fermenting liquid) 1-2 ascospores, rarely three and 
if so, the third is considerably smaller than the other two. A 
previous good nutrition in liquids not too poor in nitrogen is 
necessary to produce the spores.” I have cultivated this yeast, 
obtained in pure culture with the usual methods, under various 
conditions, e. g., upon sterilized potato and boiled rice with full 


(1) The investigations of Omori show that this sa%e yeast is a product of a kind of 
Ustilago frequently present in the rice fields. 

(2) I have, however, not proyed that these spore-like formations develop into new 
yeast-cells. 
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access of sterilized air, but never observed anything like a myce- 
lium; the cells preserved their form, whether they had been 
obtained from fermenting zzo¢o or directly from the rice straw. 

The sake yeast still exhibits considerable fermenting energy 
in presence of 12 per cent. alcohol, but at 16 per cent it is very 
feeble. Ina 1o per cent. sugar solution containing various propor- 
tions of alcohol, after six days only 0.199 sugar was found when 
alcohol amounted to 4% ; 5.46% sugar at 12% alcohol, and 8.64% 
at 169% alcohol. In regard to the higher alcohols I observed 
that the development and fermentation is stopped by 5% propylic, 
3% isobutylic, 19% amylic and 0.5% caprylic alcohol. 

Cane sugar solutions can, in presence of some meat extract, 
be fermented by sake yeast, even in concentrations as high as 45 
per cent., but the action sets inlater. The presence of as muchas 
6 per cent. sodium chloride does not essentially interfere with the 
fermentation of a 10% cane sugar nourishing solution, while 109% 
sodium chloride depresses the fermenting energy by nearly one 
half and 22% stops it entirely. 

In a mixture of 10% cane sugar and 49% tartaric acid, in 
which the so-called ‘‘ wild” yeasts still show development, neither 
sake yeast from the woto mash nor that directly from the rice 
fields showed any sign of development within four weeks ; this 
yeast behaves, therefore, like beer yeast, to which indeed it has 
a Close resemblance. 

In this connection it may be mentioned that in Japan some 
kinds of vegetable cheese, as natto and tama-miso are also 
ripened and influenced by microbes of rice straw. The fungi on 
the rice straw i.e. from swampy and heavily manured rice fields 
also play a role in the manufacture of arrac in Java. Crushed 
rice wrapped in rice straw for three days represents the so-called 
vagt, something similar to our kaz The diastase-yielding 
fungus, as well as the yeast, (S. Vordermanni) is also derived from 
the rice fields. 


(1) Cf. my investigation on Natto, Bullet. of the College of Agriculture II, No. 2. 
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Note on a Grape Wine Fermented by Sake Yeast. 
BY 


K. Negami, 


According to recent investigations, the influence of the 
varieties of yeast upon the flavour and taste of wines is consider- 
able,” although the kind of grape, and the soil and climate in 
which the grapes grow, also are essential factors. It has recently 
been proposed, in order to improve the wines of certain countries, 
to replace the accidental fermentation caused by the yeasts 
attached to the grapes, by pure cultures of such yeasts as are 
derived from the fermentation of highly valuable kinds of wine. 
I was, therefore, induced to test what quality of wine could be 
obtained by the application of a pure culture of that species of 
yeast, which plays such an important role in the preparation of 
sake in Japan. 


Two litres of freshly prepared grape juice, improved by the 
method of Chaptal, and sterilized by boiling for one hour, were 
infected after cooling with a pure culture of sake yeast obtained 
in the usual way from one colony. 


The flask was closed by a cotton plug and left to ferment 
for two months at a temperature varying from 5 to 20°C. 
The clear filtered liquid yielded the following result : 


Extract 1.78% 
Acidity 0.572% (as tartaricacid) 


Alcohol, vol 9% 10.309 


(1). Also the energy of fermentation differs in these varieties. 
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The taste was that of an average white wine, but the 
flavour (bouquet) did not wholly correspond to our expectations. 
It was that of an inferior kind of wine. Sake yeast, therefore, can 
not favourably replace wine yeasts. 


On the Behaviour of Yeast at a High Temperature. 
BY 


T. Nakamura, Vogakushit. 


It is a well-known fact that certain bacteria can be deprived 
of their fermenting power without their life being otherwise 
impaired ; though in this case they lead only an aerobic existence. 
It seemed to me of some interest to study closely also living 
yeast deprived of its fermenting power. 

At the same time I wished to collect some imformation about 
the maximum of temperature which yeast can resist for some time. 
Numerous observations have been made on this point, but they 
do not agree well, as the ¢zme of exposure to the high tempera- 
ture was not always taken into account, and pure-cultures free 
from ascospores were not selected for such experiments. 

When the time of exposure is but short, the noxious effects 
will be less marked at the same high temperature than during a 
longer exposure. Kayser observed with some varieties of yeast 
a resisting power at 60° when heated (in the moist state) for only 
five minutes. Inthe dry state the cells were not even killed at 85°, 
some varieties resisted even 100°, Other authors state that 
ordinary beer-yeast loses its power of fermentation at 40° while 
the cells are killed at 70°. Schiitzenberger, again, states that the 
temperature of 53° is the highest that yeast can resist. 
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My own experiments were made with pure cultures obtained 
from a single colony on a sugar gelatine plate and with cells free 
from ascospores. Fromsuch yeast grown ina solution of 10% cane 
sugar with 0.59 meat extract, the supernatant liquid was decanted 
off, the sediment washed with sterilized distilled water to remove 
the nutrients and the alcohol produced, as these substances might 
perhaps have interfered with the result. The yeast so treated 
was suspended in some sterilized distilled water and 5 c.c. of this 
mixture, placed in a narrow sterilized test tube provided with 
a cotton plug, were exposed for several minutes to a constant 
temperature in a water bath. 

It was thus found that the fermenting power was not destroy- 
ed even when the yeast was exposed for an hour and a half to 
46°C., or for one hour to 48°C. However, at a temperature of 
52°C. the fermenting power was wholly destroyed when the 
exposure was kept up for more than 20 minutes; nor was any 
development on a gelation plate noticed. 

In order to reach results as exactly as possible in regard to 
the ¢zme necessary to destroy the fermenting power at 50°C. I 
proceeded as follows: A number of test tubes containing pure- 
cultured yeast in sterilized distilled water were first placed in a 
vessel containing water of about 55°C., and the tubes were con- 
tinuously well shaken; one of these tubes containing only water 
was provided with a delicate thermometer. When a temperature 
of 50°C. was reached, all the tubes were placed in another vessel 
containing water of a constant temperature of 50°C. Every five 
minutes one of the tubes was removed, and after cooling 5 c.c. of 
sterilized Pastcur’s solution of double the ordinary strength were 
added and the mixtures kept in an incubator at 16°—25°C, I 
then observed that a duration of 25 nainutes had not destroyed 
the fermenting power, but that after 30° minutes the destruction 
was completely effected. 

In order to determine the point sore precisely, I repeated 
the same operation at intervals of only one minute between the 
25—30 minutes, 

The result was that even 29 minutes exposure to 50°C did 
not destroy the fermenting power, while in 30 minutes it was 
again completely done. Further no trace of development was 
noticed, when this yeast was transfered into well aerated nourish- 
ing solutions. 
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An observation was, however, made during all these experi- 
ments which may explain the contradictory statements of those 
observers who claimed that the fermenting power is destroyed 
by a temperature of 40°. I have found that yeast exposed to heat 
for some time never showed within such short time fermentation 
in Pasteur’s solution as the control sample ; sometimes the retar- 
dation amounted to 12 hours, sometimes to several days. 

In some of the cases mentioned, viz., when yeast was heated 
for 27 or 29 minutes to 50°C. a weak fermentation was afterwards 
observed with these samples but after a few days it gradually 
stopped again, long before all the sugar of the solution was 
fermented. But those samples of yeast that had only been 
exposed for 25 minutes to 50°C., still preserved all their vital powers 
and were observed to develop well, when inoculated on nourishing 
gelatine, potato, or in 19 sugar and pepton solution. I, therefore, 
infer that for 25 minutes a temperature of 50° forms the limit 
beyond which not only the fermenting power but also all other 
life functions are destroyed. 

It was my further object to test the influence of various com- 
pounds upon the resisting power of the yeast-cells against heat. 
The experiments were carried on in the same way.as described 
above, but the yeast was here suspended in different solutions 
instead of in distilled water, while the liquid was heated. The 
temperature was 50° and the duration 30 minutes. The results 
were as follows: 


Solution in which the yeast Effect after the addition of aerilized 
was heated. Pasteur’s solution. 

Distilled water. No fermentation. 
Pasteur’s solution Fermentation. 

Cane sugar 10% No fermentation. 
Meat-extract 0.5% Normal fermentation. 
Sodium chloride 1.2.3.5.10% Only fermentation at 3%. 
Sodium nitrate aa nt ane Only fermentation at 2%. 
Sodium sulphate ,, ,, ;, No fermentation. 
Di-sodium phosphate ,, _,, No fermentation. 


(1) Pasteur’s solution in all cases here descriled consisted of 10% cane sugar and 
0.5% meat-extract, 
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Only meat-extract, sodium chloride and sodium nitrate had 
effect in increasing the resistance towards heat. The effect of 
Pasteur’s solution consisted only in the presence of meat-extract, 
not in that of the cane sugar.” The fact that sodium sulphate 
was not favourable shows that the conditions are here different 
from those of the enzymes which are more favourably influenced 
by sodium sulphate than by the chloride or nitrate as Brernacki 
has shown. A similar favourable influence was observed by 
FT, Buchner with the protective proteids of the blood, the so- 
called alexines. 


Addenda by Dr. O. Loci. 


The difficulty encountered by Wr. Nakamura in obtaining 
living yeast cells deprived of their fermenting power might have 
been taken as an indication that the fermenting power is here more 
intimately connected with the living protoplasm than in the case 
of certain bacteria, but such a view is now untenable since £. 
Buchner has revealed the highly interesting fact that the fermen- 
tative power is connected with a soluble proteid that can be 
separated by expressing the yeast under a pressure of 4-500 
atmospheres.© This albuminous body, called zymase, coagulates 
easily, and loses after a few days its active properties, also by 
heating toabout 50°. This new observation must lead to a revision 
of certain points in the theory of the so-called zxtermolecular res- 


(1) Very interesting expetiments were carried on by Davenport and Castle on the 
increase of the resisting power of lower animals (tadpoles). Cf. the important work of 
Charles B. Davenport, Experimental Morphology, New York 1897, p. 253. 

(2) Ber. D. Chem. Ges. 30, 117. 


=a" 


YEAST AT A HIGH TEMPERATURE. 231 


firation, as it is not the protoplasm itself which, in absence of 
air, gains its energy by decomposition of sugar, but a soluble 
proteid, somewhat resembling the enzymes, steps in to provide 
this energy. 

The supposition that this proteid is connected intimately 
with the living protoplasm and is not merely dissolved in the 
liquid of the vacuole will probably be justified. It is an exceeding- 
ly labile proteid and perhaps closely related to the active 
proteids from which the yeast protoplam is built up. &. Buchner 
believes that the yeast cells secrete the zymase through its walls 
and thus the sugar would be decomposed owtszde the cells during 
the process of fermentation. But this supposition goes, I think, 
beyond the limits of the immediately admissible conclusions. It 
is true that zz certain cases a secretion of this peculiar enzyme 
takes place, but the chief quantity will to all appearance remain 
wethin the cells, and there most of the sugar will be fermented. 
This deduction would not only be in better accordance with the 
economy of living cells regarding energy but would follow also 
from the very small quantity of zymase secreted under normal 
conditions, and further from Auchner’s own observations. He 
left, e. g., mixture of 150 cc. expressed yeast juice with 150 cc. 
sugar solution for three days in an ice box and although this 
mixture contained as much as 37% saccharose, not more than 2.1 
gram alcohol was formed during this time. It will be of special 
interest to test whether the fermenting power of the zymase is 
easily destroyed by diamide, hydroxylamine, amidophenol, 
phenylhydrazine, prussic acid, and on the other hand by cyanogen, 
nitrous acid, formaldehyde, &c. 

I have observed great differences of the enzymes in their 
behaviour to prussic acid, which in a concentration of 25% will 
easily destroy diastase, though not the proteolytic enzyme of the 
pancreas in twelve hours.® But in the behaviour to formalde- 
hyde I observed no essential differences between various enzymes ; 


(1) Not sufficiently explained, however, is the fact that while yeast cells lose their 
fermenting power by the action of chloroform, zymase does not, according to Buchner. 

(2) In the fermentation of beer-wort zymase can not be shown to exist dissolved in 
the liquid, neither in the coagulated condition in the sediment. 

(3) O. Loew. Pfliig. Arch, 27, 208, foot-note. 
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all I tested were killed by the moderately diluted aldehyde 
even in perfectly neutral solution.”’ This observation, from 
which I infered that probably labile amido-groups are connected 
with the activity of the enzymes, was confirmed about four years 
later in the Zustztut Pasteur in Paris. 


(1) Journ f. prakt. Chem. 1888 p. 104. 


On Two New Kinds of Red Yeast. 


BY 
K. Yabe, Mgakushi. 


Species of red yeast occur very frequently in the air of 
Japan. In the sake factories, farther, a red colouration of £o7z 
and moto is not unfrequently observed, which I found also to be 
due to the cells of red yeast species. This fact induced me to 
look for the presence of red yeasts in the soil of the rice fields and 
on the surface of the rice straw. Indeed I soon discerned upon 
my sugar-gelatine plates two kinds of such yeasts, the one more 
intensely coloured than the other. Both kinds agree with Sac- 
charomyces rosaccous in the principal point that they do not form 
ascospores, but they differ from it in other respects, leaving no 
doubt that they represent new species. 

Saccharomyces Faponicus, nov. sp. The cells serving for 
my investigations were obtained in February 1896 by placing 
some rice straw in sterilized Pasteur’s solution for five days and 
preparing with this culture in the usual way a plate, for which a 
nourishing gelatine served, containing besides the necessary 
mineral matters some cane sugar and ammonium tartrate. After 
eight days at a low temperature numerous colonies of mould- 
fungi and colourless yeast, and a few colonies of red yeast made 
their appearance with a tendency to grow upward above the sur- 
face of the plate. From one of the dark red colonies an inocula- 
tion was made again into Pas¢eur’s solution and on potato, further 
into a solution containing 19% meat extract aud peptone, 

The cells are e//ptic, and approach more neary a globular 
form when well nourished with meat extract. Size in Pasteur’s 
solution=6xX 3 mw; in meat extract solutions 9.2xX5.I pm to 10,3 
x6.1 mw. This yeast grows very well on potatoes where it 
acquires a brillant red tint. That the full access of air promotes 
the formation of the red tint is therefore very probable, and this 
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influence may also be observed on cultivation in Pasteur’s solu- 
tion, in which those cells that grow attached to the sides of the 
vessel near the surface of the liquid, assume a fine red colour 
before the sediment has reached this intensity. The influence 
of light is not required, as the colour is just as well developed in 
perfect darkness, 

This species is further incapable of forming alcohol from 
glucose or cane sugar; neither could any development of gas 
bubbles in the liquid nor atrace of alcohol in the distillate be 
observed, when the yeast was left for some time in complete 
nourishing solutions containing those sugars. 

Cane sugar and glucose proved to be better nutrients for this 
organism than milk sugar ; the fungoid mass grown in 10% milk 
sugar solutions containing 0.5% meat extract, weighed under 
equal conditions about half as much as when grown with glucose 
or Cane sugar as nutrients. A retardation of the development is 
observed upon addition of 39% alcohol to the nourishing liquid, 
while 7% stops it altogether, which demonstrates a much greater 
sensibility to alcohol than beer or wine yeasts possess. A tempera- 
ture of 40°C kept up for 15 minutes injures the cells to some 
extent, multiplication being retarded, but one of 45° acting for 15 
minutes, kills the cells. 

Stab-culture in sugar-gelatine even after weeks shows hardly 
a trace of development along the needle track, while on the sur- 
face a red film gradually develops, producing a concavity with 
gradual /guefaction of the gelatine. This shows the organism to 
be exquisite aérobic, which well agrees with its inability to 
produce alcohol from sugar. 

I have paid special attention to the question whether this 
species would be capable of forming ascospores, and have sub- 
jected well nourished cells after transference upon moist gypsum 
blocks to close observation, but in no case did ascospores make 
their appearance. The only mode of propagation is gemmation 
which is, however, not only carried on in the usual way but also 
in another manner heretofore not observed, as far as is known to 
me. This peculiarity consists in the presence of a fine mycelial 
thread by which the young cell is attached to the mother cell. 
In gemmation many cells develop first a fine, not separated myce- 
lial thread, at whose ends the young cells develop as shown in 
the following figure (1). 
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These mycelial formations may also branch and reach a 
length of 89 yw. without bearing any cells at their ends (2). 
In peptone solutions these phenomena very soon make their 
appearance. 

This mycelium is evidently also the cause of the peculiarity 
of this species forming a f#/7 on the surface of the nourishing 
solutions ; this film, when the culture is shaken, breaks into frag- 
ments and sinks to the bottom. 

Some time ago a kind of red yeast was described by A//ax 
P. Swan (Centr. BI. f. Bakt. I]. No. 1; 1896) of which this author 
remarks: ‘‘ In cover glass cultures polymorphism is marked with 
a tendency to grow in chain form with septate hyphae like Ozdzum 
lactis.” This condition has never been observed with the species 
here described, nor was the tendency to form the ascospore-like 
globular masses Sian mentioned and whose ascospore nature 
was not proved, as Lay has pointed out. Our species and Swan’s 
red yeast however agree in the mode of growth of the colonies on 
gelatine and in liquefying gelatine, further in form and size. The 
power of liquefying gelatine however appears to be much more 
energetic in the species described by Swaz. 


Saccharomyces Keiskeana, nov. spec. 


Cells of this kind of yeast were obtained from the same 
gelatine plate which yielded the former species. The pink 
coloured colonies differ considerably in intensity and shade ot 
colour from those of the former species and from those of S. 
rosaceus. It forms neither ascospores nor mycelium, and only 
multiplies by the usual mode of gemmation. The young cells 
soon separate from the mother cells and do not form connections 
as the top yeast variety of S. cerevisiae does. 

The cells are perfectly globular; usually of 5.1 ys. in dia- 
meter, but if well nourished reaching a diameter 9 yu. 
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In Pasteur'’s solution it forms a faintly pink deposit, but 
with no film on the surface ; on potato the tint becomes more 
vivid, probably under the direct influence of the free oxygen, 

In stab-culture in sugar gelatine a moderate growth is ob- 
served along the needle track ; but these cells remain colourless, 
while those on the surface assume gradually a pink colour /égue- 
faction of the gelatine does zo¢ take place. 

A temperature of 45°C will not kill the cells within 15 
minutes, but one of 50° will. Alcohol of 59% retards, of 7% stops, 
development in nourishing solutions. 

The species is named in honour of the well known Japanese 
botanist Kezske [to. 


Un Bromalbumin and its Behaviour to Microbes. 
BY 


O. Loew and S. Takabayashi. 


Bromalbumin has recently been recommended for medical 
purposes. As it contains bromine organically bound, it seems to 
be better adapted than the combination of peptone with hydro- 
bromic acid, whose therapeutical properties were studied by 
Rosenthal” but found not to differ essentially from those of 
potassium bromide, 

Bromalbumin was first prepared by one of us® in the year 
1885 by mixing finely powdered and well dried albumin (100g.) 
with bromine (50cc. or about 150 g.) and leaving the mixture to 
itself for about four weeks. Hereby only a very small quantity 
of hydrogen bromide becomes liberated and the albumin is 
gradually transformed into a thick semi-liquid mass, which, after 
well washing with water, retains a portion of losely bound 
bromine so obstinately, that primary sodium sulphite had to be 


(1) Zeitschr, physiol. Chem.22, 227. 
(2) O. Loew, Journ, f, prakt. Chem. 37, 138. 
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applied to remove the last remnant and to obtain a colourless 
product. This contained 16.16% bromine but after dissolving it 
in ammonia and precipitating by acids only 13.10%. 

This bromalbumin yielded no potasium sulphide on heating 
with a solution of caustic potassa, nor tyrosine on heating with 
hydrochloric acid, but it did then yield leucine. It gave further 
the biuret, but not the Mzllon’s reaction. It was soluble in 
dilute alkalies and precipitated again by acids. | 

We have recently prepared bromalbumin again, but with the 
modification that equal weights of albumin and bromine were 
taken, and the mixture (cooled during preparation) heated for 
two days to about 60°C. After washing with water,“ aqueous 
sulphurous acid was applied to remove the last traces of free 
bromine. It was then washed with a dilute solution of sodium 
carbonate, and treated with alcohol of 509, until no more reac- 
tion for bromides was obtained in the filtrate ; finally with abso- 
lute alcohol. Dried at 100°, 0.640 g. yielded 0.1650g. A g Br= 
11.00% Br. 0.637 g. yielded 0.1565 g. Ag Br.=10.649% Br. This 
product contained, therefore, less bromine than that obtained 
under the conditions described above. 

In order to observe the behaviour to microbes 12 g. were 
dissolved in 150 cc. of a 2% solution of crystallised sodium 
carbonate, the solution diluted to 1209 cc. and finally 0.2% 
dipotassium phosphate and 0.029% magnesium sulphate added. 
To a part of this solution was then added 0.5% peptone, and to 
another 29 cane sugar. One half of each solution was infected 
with microbes from putrid meat, the other avith anthrax bacilli, 
of course under all the necessary precautions of sterilization: 
Two divisions were further made to observe the effects of the 
presence and absence of air. In the latter case Erlenmeyer 
flasks were provided with sterilized india rubber stoppers carrying 
a bent tube filled with sterilized water and containing some 


(1) Th’s wash water removed a considerable portion of proteid-like bodies. 
Phospho-tungstic acid and mercuric nitrate give precipitates ; J///on’s reaction fails. 
Saturation with ammonium sulphate yields a strong, with sodium sulphate a weaker, 
precipitate. 
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mercury to prevent the ingress of air. After 24 days standing in 
the dark at a temperature varying from 11-20°, the flasks were 
examined with the following result : 


Microbes of Putrefaction. 


In presence of air. In absence of air. 
Reaction neutral. Slight | Reaction neutral, no amme- 
Bromalbumin 176 trace of ammonia. No| nia, no _ turbidity, no 
putrid odour, although putrid odour. Mere 
numerous cocci and traces of cocci, but no 
bacilli present. bacilli. 
Bromalbumin 19% and Reaction alkaline, much | Result resembling that in 
peptone 0.5% ammonia, putrid odour, presence of air, but bac- 
liquid very turbid,a rich | terial vegetation _ less 
vegetation of microbes developed. 
present. 
Bromalbumin 1% and Smell and reaction acid. | No odour, no fermentation. 
cane sugar 2% No ammonia. Rich Only slight sediment of 
bacterial vegetation pre- cocci, but no bacilli. 
sent, 


Bacilli of Anthrax. 


In presence of air, in absence of air, 
Bromalbamin 1% Neutral, mere traces of | Neutral. Slight traces of 
development. development. 


Bromalbumin 19 with | Considerable and charac- | Some development. 
peptone 0.5% teristic development, | 


Bromalbumin 1% with | Neutral; small traces | Slight traces of develop- 
cane sugar 2% of development. ment. 


From these observations it follows that bromalbumin as such 
in absence of air and even in presence of sugar is; not favourable 
for the development of microbes. However, it does not prevent 
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development when peptone is present. Further preliminary ex- 
periments with mice have shown us, that bromalbumin did not 
produce any immunity by subcutaneous injections in cases of 
anthrax and erysipelas. 


On an Important Function of Leaves. 
BY 
U. Suzuki, Mogakushi. 


It has long since been known that nitrates absorbed by plants 
from the soil disappear rapidly in the leaves, while they are 
found stored up for a longer or shorter period in the stem and 
roots. It was therefore supposed by several authors that the 
nitrates can be reduced only in the leaves, yielding thereby 
proteids and amido-compounds. It was further asserted that 
‘direct sunlight would be necessary for the reduction, and one 
author went even so far as to assert that only: the nascent 
carbobydrates in the chlorophyll bodies could bring on the 
assimilation of nitrates. But all these hypotheses evidently go too 
far and have not been verified. It can easily be shown that 
nitrates can be assimilated in darkness just as well as in day- 
light, as has been done by Loew. He cultivated mould fungi 
in a dilute solution containing glycerol, sodium nitrate, mono- 
potassium phosphate, sodium sulphate and magnesium sulphate, 
some of the flasks being kept in darkness, others in ordinary day- 
light, but no essential difference was observed in the weight of the 
fungoid mass, so that no favourable action of light upon the 
assimilation of nitrates was noticed. Indeed there are other 
causes which must have much influence upon the readiness 
to assimilate the nitrates, such as the intensity of respiration 
and the amount of glucose present, as well as the temperature. 
Thus we can easily understand why the nitrates are more quick- 
ly assimilated in the leaves, whose activity consists principally 
in the preparation of carbohydrates, and whose anatomical 
structure permits a very lively respiration which must naturally 
increase the energy of protoplasm in all the cells of the leaves. 
If it can be shown that under certain conditions amido-com- 
pounds present in roots and fruits are better sources of nitrogen 
for protein production than the nitrates, then an important 
function of the leaves in facilitating the protein production in all 


(1) Biolog, Cent. Bl. vo, No. 19. 
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parts of the plants would be evident. According to Emmerling 
amido-acids are formed in the leaves synthetically and are 
transported to the growing seeds. In the growing seeds or 
fruits themselves he found more amides. (asparagine and gluta- 
mine) than amido-acids as leucine.” I am, however, of opinion 
that the amido-acids.in the leaves are not formed directly by 
synthesis, as Ewmerling and others suppose, but are the products 
of decomposition of proteids, only the amides such as asparagine 
and glutamine being the products of direct synthesis ; these are 
formed from ammonium salts or nitrates in all those cases, in 
which not all the conditions for the production of proteids are 
fulfilled. Furthermore, the asparagine found in the growing 
fruits may either be the product of direct synthesis or, as Loew 
has surmised, a product of oxidation of other amido-acids, for 
which hypothesis I wished to adduce facts. I therefore paid 
attention to the following questions : 

Ist.—Are proteids decomposed inthe leaves, and do the amido- 
products thus formed migrate into the other parts of the plants ? 

2nd.—Is_ gradual oxidation of these amido-acids to 
asparagine observable ? 

3rd.—Are amido-compounds, as leucine and asparagine, 
under certain conditions, a better source of nitrogen for protein 
production in fruits and roots than nitrates ?® 

I. We know that proteids are protected to a certain degree 
by carbohydrates and that with the gradual disappearance of the 
carbohydrate, the proteids are more and more attacked by 
enzymes, as shown by &. Schulze who found that plants kept 


for a number of days in darkness, show an increase of asparagine 
and a decrease of proteids.™ 


(1) The writers on the subjects do not make sufficient distinction between the 
amides and amido-acids. It has become, however, very clear that a different mode 
of formation and different functions have to be ascribed to asparagine (and perhaps 
also to glutamine) than those given to the amido-acids such as leucine and tyrosine. 
The amount of leucine is generally very much smaller than that of asparagine; 
thus, for instance, Z. Schz/ze obtained from 7 kilo of Vicia faba six weeks old, grown 
in the field, only 0.5 gram leucine and neither tyrosine nor phenyl amido-propionic acid. 

(2) This Bull. II. No. 7. 

(3) On these last two points I will communicate a later series of experiments. 

(4) Asparagine, however, must not be considered as a direct product of proteid 
decomposition, but according to Zoew’s view, as the final product of metabolism, by 
which the previously formed leucine, tyrosine, arginine, lysine etc. are gradually oxidized 
whereby asparagine from the remaining fragments is formed. 
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But I thought that a decrease of proteids should take place 
in the leaves even in ove night because we know that during 
every night a large portion of the carbohydrates in the leaves is 
transported into the other parts of the plants. This decrease of 
the protecting carbohydrates must naturally lead to an attack 
upon the reserve proteids formed in the leaves during the day, 
and, as the resulting amido-compounds would just as easily be 
transportable as sugar, a decrease of the proteids of the leaves 
during the night should be easy to prove. Thus far only one 
experiment in this direction has been made with the leaves of 
Vitis vinifera, by Sapozutkow™ who infers as follows : ~~ 

*““Aus der dritten Reihe von Versuchen mit, an den 
Pflanzen belassenen Blattern ergab sich, dass im Dunkeln das 
Eiweiss ebenso wie die Kohlenhydrate, wenn auch im gerin- 
gerem Maase, aus den Blattern auswandert. Von einigen 
Blattern, wurde je eine Halfte um 7 Uhr abends abgeschnitten, 
die andere verdunkelt an der Pflanze gelassen and um 8 Uhr 
morgens abgeschsuitten ; wahrend dieser 13 Stunden verminderte 
sich der Eiweissgehalt pro q. m. um 0.281 gram; in einem 
zweiten Versuche wurden die an der Pflanze balasenen Blatt- 
halften fiinf Tage lang Verdunkelt, die Verminderung des Eiweiss- 
gehaltes pro q. m. betrug 1.267 gram wahrend der Gehalt an 
Kohlehydraten um 3.681 gram abnahm ; der gleichzeitig bestimm- 
te Nicht-Eiweiss-Stikstoff nahm nur ganz unbedeutend zu.” 

But this one experiment is certainly not sufficient to show 
that this law holds good also for a great number of plants. I 
therefore carried on some more experiments with plants from 
different families, determining in the morning and in the evening 
not only the total nitrogen and albuminoid nitrogen, but also the 
aspragine nitrogen and the starch. The results are as follows :— 


I. Experiments with Leguminous Plants. 


A. Wistaria brachybotrys (Fuji). 


400 leaves, Dry weight. 
Vieni on Cuma t tire Nt oon PAS) eo 3a 4 20.089 grams 
I Altasieaniiays Sh 9 we At gt cok nee ee L7s094, | 4) 


(1) Cent. Bl. d. Agr. Chem, 1896 p. 107. 
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Calculated to 


ronnleanes. Dry weight. Ratio of dry matter. 
EE EMINO ce oars i wwekireree CEN 5.022 100.00 
IVEOG MING? ei <r8 ibs> «cee ane 4.274 85.10 


In 100 parts of dry matter. 


Evening. Morning. 
Total nitrogen lta panera 3.44 3.49 
Albuminoid nitrogen .......... 2.90 2.84 
Asparagine mitrogsen “J. 45-ae-3 0.10 0.14 
Nitrogen in amides( rr ote ) 0.44 0.51 
Stanchine coe naa ee ee ear mee 9.65 6.11 


Absolute quantity in 100 leaves. 


Evening. Morning. Ratio. 
Potalenitrosent. a ere eee 0.1725 0.1490 100 : 86.4 
Albuminoid nitrogen ........ 0.1457 0.1215 100 : 83.4 
Asparagine nitrogen ........ 0.0050 0.0058 100 : 116, 
Nitrogen in amides( 70 oir) . 0.218 0.0217 100 : 100. 
Starch © vases sascha eee eee 0.4848 0.2611 100 : 54. 
Decrease of starch during the night = 0.2238 gram. 
F proteids ,, 5 = "OTAGO" =. 


B. Phaseolus mungo 


200 leaves. Dry weight. Ratio of dry matter. 
PSVGning 27 tonto Satie eae eee 30.389 grams. 100.00 
Mosiine — fons cates cereine eee 20:AG8, 5, 87.30 


In 100 parts of dry matter : 


Evening. Morning. 
dotal nitrogen Ais. cence 5.37 5.49 
Albuminoid nitrogen ........ 4.35 4.50 
Asparagine nitrogen ....... 0.20 0.13 
Nitrogen in amides( 7 hr) 220502 0.86 
StarCh “so .3. oaths a ee ee 13.50 11.00 


(1) This experiment was made on September 17th. 
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Absolute quantity in 100 leaves (in grams). 


Evening. 
otal mitrOsent s.:.2 ce 20% « .. .0.8160 
Abuminoid introgen: .........; 0.6610 
Asparagine nitrogen ....... . - 0.0300 
Nitrogen in amides( wi nent ) 0.1250 
Starch hea... 20 eyo outer ne 2.0520 


Morning. 
0.7270 
0.5955 
0.0170 
0.1145 

1.4560 


C. Phaseolus vulgaris” 


50 leaves. Dry weight. 
AUER Or ores tat aay d aps oe cea nnterpete 12.765 
NOSIS ar40 goats ty cl aicicsers a2 -222 


In 100 parts of dry mitter. 


Evening. 
Motall nitro Sem 4.5 ase dele 2 3.39 
PRA UMTLOUG! oie e.cits celts tree tt 2.75 
Asparagine nitrogen ........ 0.20 
Nitrogen in amides (ee) . 0.44 
SAC ir Cie eran ciacese aiacn te hes 23.10 


Ratio. 
100 : 89.1 
100 : 90.1 
100 : 57.0 
100: 91.5 
100: 71.0 


Ratio of dry matter. 


Absolute quantity in 100 leaves (in grams). 


Evening. 
MOtaleIMtGOSSH a2 sis .< wens eae - 0.8660 
Albuminoid nitrogen ........ 0.7021 
Asparagine nitrogen ........ 0.0510 
Nitrogen in amides( vent, JOnF ZO 
Starches iaretae oop tat ee, anges 5.8970 


D, Pueralia Thumbergiana® (Kuzu) 


50 leaves. Dry weight. 
Shy omen Camere cesta, oe cess Sieae Seathiw (s 21.854 
MOETING yale a atieoal eases ws 21.099 


(1) Experiment was made on Oct. 29th. 
(2) Experiment was made on June 18th. 


Morning. 


0.8290 
0.6260 
0.0490 


0.1540 
3-9350 


100. 
95-7 


Morning. 
3-39 
2.56 
0.20 
0.63 


16.10 


Ratio. 


100 : 95.7 
100 : 89.1 


100 : 96.0 
100:136.4. 
100 : 66.8 


Ratio of dry matter. 


I0O. 
96.5 
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In 100 parts of dry matter. 


Evening. 
fotalinitromen) Ske.) omens se 
Abuminoid nitrogen..........3.47 
Asparagine nitrogen ..... 7 eOs20 


without ) ‘ 0.63 


Amido-nitrogen (Te nitr, 


Absolute quantity in 100 leaves (in grams). 


Evening. 
diotal nitrocentees. ser ste au 1.887 
Albuminoid nitrogen® ........ 1.516 
WAGparacine mitrogem | ..e2 +e eee O.112 
: ; without 
Amido-nitrogen (ee ey eon 20 


Morning. 

4.26 

3.70 

0.27 

0.29 

Morning. Ratio. 

1.797 100 : 95.2 
1.559 100 : 103 
0.112 100 : 100 
0.260 100 : 206 


Il. Experiments with Solanaceae. 


A. Solanum tuberosum ™ 


220 leaves 
Evenine (Goclock) seen eee 
Morning ( spurl) eee se rer eae eee 


Calculated to 


100 leaves 
Evening. 525 cette ee 7.680 
ene Soames ee Sd ctercietess ae OZO 
In 100 parts of dry matter. 
Evening. 
Total onitrogent. t:.e acer -+4.26 
Albuminoid nitrogen ..... antes 
Asparagine nitrogen ........ 0.30 
Amido-nitrogen (Cae) ie POlO8 
Nitrate “nitrogen ere Trace 
Starch? «tek eee sis oe L2aBO 


(1) This experiment was made on the 5th June. 


Dry weight. 


ete ots 16,887 grams. 
Rr ee) on. 


Ratio of dry matter. 


100.00 
73.20 


Morning. 
5.46 
4.25 
0.29 


0.92 
Trace 


7.40 
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Absolute quantity in 100 leaves (in grams). 


Evening. Morning. Ratio. 
Wotal-nitrogen!..s i .j9- rete - 0.3350 0.3067 100 : 91.6 
Albuminoid nitrogen ........ Oily 0.2390 100 : 94.9 
Asparagine nitrogen ........ 0.0230 0.0163 100 : 67.0 
Amido-nitrogen (ears) . 0.0603 0.0514 100 : 85.2 
Stace liye neers ee a ore ss 80 0.9600 0.4134 100 : 43.1 


B. Solanum tuberosum.” 


200 leaves. Dry weight. Xatio of dry matter. 
Evening (6 o'clock) 6.820 100,00 
Morning ( eh eet re 6.176 gO.50 

In 100 parts of dry matter. 
Evening. Morning. 
Motalnittosen ye .gins ss anes 5.70 5.80 
Albuminoid nitrogen ........ 4.55 0.76 
Asparagine nitrogen.......... 0.38 0.7 
Amido-nitrogen (eae ie MONTE 0.46 
Nitrate Nitrogen... ci.e rss Trace Trace 


Absolute quantity in 100 leaves (in grams). 


Evening. Morning. Ratio. 
SRGtal MELO EN 2 0.6 s. 20 sine be 0 0.1944 0.1791 1002/9231 
Albuminoid nitrogen ........ 0.1552 0.1414 100: OI. 
Asparagine nitrogen ........ 0.0130 0.0235 100 : 18.0 
: : without : 
Amido-nitrogen Ce are) . .0.0260 0.0142 100 : 54 


Ill. Experiment with Convolvulaceae. 


Batatas edulés.™ 


100 leaves, Dry weight. Ratio of dry matter, 
VG TIMI Cam dairy sce a: pie, wv Sie. aro aeroye"s 34.565 100,00 
Worininiceo semis ne. wy tc: aes ent ge77 OO 94.80 


(1) This experiment was made on the 12th Oct. 
(2) This experiment was made on the 18th Sept. 
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In 100 parts of dry matter. 


Evening. Morning. 
Total Hitromen , 2.2.5.5. ee 4.53 4.59 
Albuminoid nitrogen ........ 3.58 3.62 
WSpararine nitresen..-. eer 0.44 0.64 
5 : without 
Amido-nitrogen ees niin) <ee Oise 0.33 
Witrates nitrogen. 2. ose ee Trace. Trace. 


Absolute quantity in 100 leaves (in grams). 


Evening. Morning. Ratio 
otal nitrosén.. 5.25. --. eee 1.566 1.504 100 : 96.0 
Albuminoid nitrogen .......... 1.238 1.186 100 : 95.8 
Asparagine nitrogen .......... 0.152 0.210 100 : 138.0 
Amido-nitrogen Dees.) TaNeCS 0.176 0.108 100 : 61.0 


IV. Experiment with Polygonaceae. 


Polygonum fagopyrum© 


450 leaves. Dry weight. Ratio of dry matter. 
Evening: oo32- os = swcisasisise pLOLOS 100.00 
Moraine o.. 32222 ee eee 16.091 88.40 

In 100 parts of dry matter. 
Evening. Morning. 
a-btal nitrogen: toe se6p cee 4.45 4.62 
Albuminoid nitrogen ........ 3.84 4.02 
Asparagine nitrongen ........ 0.22 0.13 
- rot without 
Amido-nitrogen (cS aaa . .0.39 0.47 
Wittates nitrosen 2.42. -e see fe) O 


Absolute quantity in 100 leaves (in grams). 


Evening. Morning. Ratio. 
Total nitrogen <2 70ers ee 0.1798 0.1649 100 : OI.7 
Albuminoid nitrogen ..... Ages 0.1435 100 : 92.5 
Asparagine nitrogen ........ 0.0091 0.0048 100 : 53 
Amido-nitrogen (Seay 0.0156 0.0166 100:106.4 


(1) This experiment was made on the 26th Sept. 
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V. Experiment with Composttae. 


Helianthus annuus. 


33 leaves. Dry weight. Ratio of dry matter. 
JOMGININe” G56 Hob OC GcCume ame 27.42 100.00 
EOS Mim Owe acct te ocak ore a degeishepetote 24.266 88.50 


In 100 parts of dry matter. 


Evening. Morning. 
SROtAMIELOSEN | yaya deseo sce <' 4.78 4.88 
Albuminoid nitrogen .,......3.60 4.08 
Asparagine nitrogen.......... 0.28 0.48 
Amido-nitrogen (ieee . .0.90 0.32 
Siac Chiee metasrave cy-ruere evarene s44 ara 8.50 7.50 


Absolute quantity in 100 leaves (in grams). 


Evening. Morning. Ratio. 
MoOkal MitrOSeNy sis ccizeig « a/enncy drs 3.976 3.590 100 : 90.3 
Albuminoid nitrogen ........ 2.990 3.000 100 : 100.3 
Aspatagine Mfogen) .. 2.5.0 +. 0.226 0.344 100 : 152 
Amido-nitrogen (ee) .0.760 0.246 TOO 3204 
SCIEN ore on < 627.000 5.535 100 : 78.3 


We see from the above experiments that in most cases 
a considerable decrease of total and albuminoid nitrogen takes 
place during the night, and we observe also that the decrease of 
proteids is greater in those cases where the decrease of carbohy- 
drates is greater. In the experiments with Helianthus and Pueralia 
(kuzu) the result differs from the other cases inasmuch as the 
albuminoid nitrogen was found not to decrease during the night. 
But this may be explained by the fact that the leaves gathered 
in the evening had not been dried immediately and_there- 
fore had remained alive during the night, still carrying on 
respiration. Thus, a splitting of proteids might have occurred 
with accumulation of amido-compounds. Hence leaves gathered 


(1) This experiment was made on the 18th June. 
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in the evening and not killed immediately by drying or other- 
wise, may give rise to errors, inasmuch as the amount of proteid 
nitrogen may be found to be lower than it was at the time of 
gathering. The following experiments were made with the 
intention of furnishing further support to this view. 


I. Experiment with the Buckwheat Leaves (Polygonum 
fagopyrum) 


On the 8th of October the leaves of full-grown buckwheat 
plants were removed carefully, and divided into two portions ; 
one portion was directly dried in the air bath, while the other 
portion was kept in the dark, the leaves being kept moist, and 
after twenty hours, dried and analyzed. 


100 grams of fresh leaves became by direct drying 
16.864 gram. 

100 grams of fresh leaves after keeping moist for 20 hours 
14.996 gram. 

Ratio, of dry matteries.c enters eet: 100 : 88.9 


In 100 parts of dry matter. 


Directly dried. Kept moist. 
Potal nitrogen’ {3.-2 25 sere e oe 3.90 4.43 
Albuminoid nitrogen ....... a8 5 ; 3.54 
Asparagine nitrogen ........ 0.38 0.38 
Amido-nitrogen (ee 0.15 ; 0.51 
Nitrate: nittogen ieee sae 0.08 0.08 


In 100 parts of total nitrogen. 


Directly dried. Kept moist Ratio. 
Dotal nitropentl hire eae s.sciee 100.00 100.00 100 : 100 
Albuminoid nitrogen.......... QI.00° 79.91 100 : 87.8 
Asparagine nitrogen’ =). ses 5.24 8.58 100 : 163.7 
Amido-nitrogen (ee See veet200 9.71 100 : 585 


Nitrates nittocen) foment 2.10 1.80 100 : 86 


- 
4 
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Il. Experiments with Phaseolus vulgarts. 


Leaves were gathered on the 29th Oct. at 1" P.M. 
100 grams of fresh leaves became by direct drying 
16.689 gram. 
100 grams of fresh leaves after keeping moist for 48 hours. 
15.240 gram. 
Ratio oudny matter. cas o<..5. caro sek « 100 : 91.3 


In 100 parts of dry matter. 


Directly dried. Kept moist. 

A OtaleMiLEOGen %. hots sn ee t= 3.70 4.00 
Albuminoid nitrogen ......., 2.01 2.53 
Asparagine nitrogen ........ 0.20 0.52 

é ore without 
Amido-nitrogen (Ge ie) 321-0189 0.95 
INiimactesmicropen. 1. . eos... te O fe) 

rue Dapeer stated oa als cere ee 12.9 8.5 


In 100 parts of total nitrogen. 


Directly dried. Kept moist. Ratio 
ALOfaleMitVOSEN cc 6 55 5/6 we ee 100 100 100 : 100 
Albuminoid nitrogen ........ 70.5 63.3 100 : 89.8 
Asparagine nitrowen ........ 5.5 13.0 100 : 236.3 
: ae without 4 : 
Amido-nitrogen (= aie ier 1240 23-7 100 : 99.0 


These results show that by keeping the leaves moist and 
alive, the dry matter decreases considerably, and also the 
splitting of proteids takes place, forming thereby amido-com- 
pounds and asparagine. 

Having thus arrived at a simple explanation of the appa- 
rently contradictory cases mentioned, the conclusion seems 
justified that reserve proteids in the leaves are decomposed into 
amido-compounds during the night, and the latter are transported 
from the leaves to the other parts of the plants. The migration 
of amido-compounds’ appears to proceed rapidly, as I have 
found no large quantity in the leaves gathered in the morning. 
Thus an important function of the leaves is positively established. 
This function consists in facilitating the formation of proteids in all 
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parts of the plants by the assimilation of nitrates, yielding there- 
by amido-compounds, which are in all probability better sources 
for proteid formation than nitrates, in organs poorer in sugar and 
with a less energetic respiration process. A great advantage 
is thus gained for the stems, roots and fruits, in which the condi- 
tions for nitrate assimilation are less favourable than in the leaves. 
These amido-compounds produced are either asparagine, which, 
as I have shown in former article, can be formed synthetically from 
ammonium salts as well as from nitrates, or they are the de- 


composition products of proteids formed in the assimilation of 
nitrates. This leaf function will play an important part especial- 


ly in plants of rapid growth (as many Leguminosae) or such plants 
as develope certain parts much more than others (as the turnip, 
melon, potato). 


Addendum. 


After this investigation was finished, a recent publication of 
P. Kosutany® came to my knowledge, which also treats of the 
proteid formation in leaves. But I think that his observations 
cannot be regarded as conclusive in regard to those functions of 
leaves I have had under discussion. He collected the leaves 
between three and four o’clock in the afternoon and then again at 
three o’clock in the morning. Thus the leaves would not show 
differences as large as in my investigations, since I collected 
the leaves at six o’clock in the morning and six o’clock in the 
evening, which in September and October means in the latitude 
of Tokyo nearly twelve hours of daylight and twelve hours of 
darkness. 


(1) Cf. Nakamura’s contribution, this Bulletin Vol. III. No. 7. 

(2) In cases however of slow development, the proteids formed in the cells of the 
leaves may remain there stored up for a long time, as active albumin. Cf. Daikuhara, 
this Bulletin II. No. 2 and 4. 


(3) Landw. Vers-Stat. 8. 13. 


On the Behaviour of Active Albumin as Reserve Material 
during Winter and Spring. 


BY 


U. Suzuki, Nogakushe. 


The well known fact that during winter time, much reserve 
material is stored upin the bark of trees, induced me to make 
the following investigation, in order to decide whether active 
albumin is also stored up in the bark of various plants, and 
whether it is consumed during the development of leaf-buds and 
flower-buds. Dazkuhara” three years ago, examined many 
plants, late in autumn and found that the leaves of such plants 
as contain active albumin during summer time, contain it also late 
in autumn (October and November) although generally ina far 
smaller quantity. 

I examined however the bark and buds in March before 
the buds had opened. 

In regard to the reactions, I mention more in detail those 
observed with the bark of Aesculus turbinata. 

Fresh sections of the bark of very young branches were treat- 


(1) This Bulletin IT. No 2 and 4. 
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ed with a saturated caffeine solution, under the microscope. 
After ten minutes, I observed in a number of cells numerous 
little globules which gradually united toa lager one, while in 
cells, into which perhaps the caffeine entered more slowly, I 
observed a large globular formation formed at once, within 
which again small globules gradually made their appearance. 
After one hour’s action, I treated the sections with 0.19§ ammonia 
for about half an hour, when I observed that the smaller globules 
formed directly by the action of caffeine had become insoluble 
and in most cases vacuolised, as while such globules as were form- 
ed within the large globules, and after some time, disappeared 
by being dissolved. Some of these cells, however, were then 
still alive and remained transparent, others died off, and showed 
then dense granulations, evidently formed by the action of am- 
monia. The former produced the characteristic globules again 
by the action of caffeine, which proves that the apparent solu- 
tion by ammonia was simply the effect of the extraction of caffeine 
which effect is produced also by water alone. Evidently two 
phenomena had taken place depending, perhaps, on the quicker 
or slower entrance of caffeine ; one phenomenon was the formation 
of protcosomes by the action of caffeine upon the active albumin 
in the vacuole, the other consisted inthe formation of normal or 
anomalous p/asmolysts in which case the proteosomes were after- 
wards produced much more slowly because the entrance of caffeine 
into the vacuole was retarded. In those cells into which the 
ammonia could enter more quickly than the caffeine previously 
applied was extracted, the proteosomes became solidified by the 
action of the dilute ammonia; in such cases, however, in which 
the extraction of caffeine proceeded more quickly than the en- 
trance of ammonia, the proteosomes disappeared again, as if the 
object had been treated with water, thus producing an apparently 
contradictory phenomenon.” The section treated with ammonia 
was now treated with absolute alcohol, whereby the plasmolysis 
disappeared at once, giving rise to irregular coagulated masses, 
whilst the proteosomes produced by caffeine and solidified by 
ammonia remained intact. 


(1) A much more characteristic result is obtained when we allow the caffeine solution 
to act for 8-10 hours before the treatment with ammonia. In this case all the proteo - 
somes solidify, some also become hollow. 
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When a section treated with caffeine for several hours was 
directly treated with absolute alcohol, the globular formations 
of proteosomes disappeared at once, while with the plasmolized 
cells only irregular coagulated masses could be distinguished. 
As it seemed to me that the solution of the proteosomes was 
brought on in this case, by the caffeine being extracted more 
quickly than the alcohol could enter, I applied to another section 
treated with caffeine alcohol of 209% for about 15 minutes ; whereby 
the plasmolized cells remained partially alive and transparent, 
while the non-plasmolized cells containing the caffeine proteo- 
somes showed then hollow or vacuolized globules, which xow 
on treat ment with absolute alcohol remained entirely unchanged” 

If a section, treated for 24 hours with caffeine solution and 
showing both plasmolysis as well as proteosomes, is treated with 
a dilute aqueous solution of iodine in potassium iodide, we soon 
observe the vacuolization of all the proteosomes, while the 
vacuolized cells show irregular shaped contours of the coagulat- 
ed cytoplasm. 

Also it is characteristic that diluted solutions of acetic or nitric 
acid do xot dissolve the caffeine proteosomes, when sufficient 
caffeine had entered into the cells. 

The observations on the presence of active albumin in the bark 
and buds of various plants are embodied in the following table:— 


Species Object tested Active albumin Remarks. 


bs -. (Buds Present - Much starch. 
Larix Jleptolepsis {Bark Much present 


Se ruc Buds None Very much starch, 
Ginko biloba Bark None ,, no soluble proteids, no tannin. 
7 a Buds Much Much starch. 
Rhus sylvestris 7 Bark Very much Little starch. 
Prunus japonica {Buds Very much Little starch. 
(Thunb) { Bark Very much Fe 
Prunus Grayana ( Buds Much  — -——~— 
(Maxim) ( Bark Much ae 
Worcs alte Buds None Much starch. 
- io ae Bark None . 


(1) In some cases, large proteosomes, commencing to develop vacuoles, considerably 
resemble plasmolized cells, in which small globules of caffeine proteosomes are developed. 
But a close observation will reveal the higher refractive power of the former. 
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5 i h Buds 
Lindera praecox Rak 
2 Buds 

Rhus semialata Bark 


Prunus pseudoce- § Buds 
rasus Lindl }Bark 


j Buds 

Aesculus turbinata Bark 
- Buds 
Prunus mume Bark 
aot Buds 

Tlex latifolia Bark 
Prunus persica Buds 


var. necturina / Bark 


Gleditschia japoni- { Buds 
ca Bark 


Magnolia hypoleu- { Buds 


ca Bark 
Sapindus mukurosi Bod 
Quercus dentata a 
Acer pictum Pace 
Vibiscus syriacus Bate 
Alnus japonica Hae 
Betula alba ne 
Quercus grosse- {Buds 

serrata Bark 
Diospyros kaki es 
Akebia quinata Bue 
Ligustrum ibota ae 
Zanthoxylum Buds 

piperitum } Bark 


Much 
Very much 


Present 
Present 


Very much 
Very much 


Very much 
Very much 


Very much 
Very much 


Present 
Much present 


Very much 
Very much 


None 
None 


None 
None 


None 
None 


Very much 


Much 
Very much 


None 
None 


Present 
Present 


Very much 
Very much 


Little 
Present 


None 


None 
None 


None 
None 


None 


Very much starch. 


” 


Much starch, no fat, little tannin. 


Little starch, no fat, little tannin. 


Little starch, no fat, little tannin. 


Much starch, no fat. 


2 ” 


No starch, little fat. 


” ” 


Little starch, no fat. 


bh) ” 


No starch, no fat, much tannin. 


Little starch, no fat. 


bd ” 


little tannin. 


Much starch, no fat, no tannin. 


72 ” ce) 


Little starch. 
an little tannin. 


ce) 


fe little tannin. 


No starch, no fat. 


3? ” 


Much starch, no fat, little tannin. 


Much starch, no fat, little tannin. 
Little much ,, 


” 


Much starch, no fat. 


” ” 


Very much starch, no fat, no tannin. 
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Prunus Armeniaca 


Lycium chinense 


Mallotus japonica 


Actinidia arguta 


Pirus Toringso 


Ficus erecta 


Juglans cordi- 
formis 


Sterculia platani- 
folia 


Helwingia rusci- 
flora 


Mespilus san- 
guinea 


Albizzia Julibrissin 


Corylopsis pauci- 
flora 


Clethra barbiner- 
vis 


Acanthopanax 
spinosum 


Rhus vernicifera 


Orixa japonica 


Ailanthus glan- 
dulosa 


Phellodendron 
amurense 


Evodia rutae- 
carpa 


Idesia polycarpa 


Tilia Miqueliana 


Liriodendron 
tulipifera 


Buds 
Bark 


( Buds 
) Bark 


Buds 
Bark 


Bnds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


( Buds 
) Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Buds 
Bark 


Very much 


None 


None 
None 


Much 
Very much 


Much 
Very much 


None 
Present 


None 
Much 


None 
None 


None 
None 


Present 
Much 
None 


Little 
Present 


None 
Present 


None 
None 


Present 
Much 


None 
None 


None (?) 
None (?) 


None 
None 


None 
None 


None 
None 


Very much 
Much 


None 
None 


Little starch, no fat, little tannin. 


No starch, little fat, little tannin. 


Starch present, no fat, some tannin. 


” ” ” 


Much starch, 


”? ” 


some tannin. 


Little starch, no fat, little tannin. 


” ” ” 


Starch present, much fat, no tannin. 
Very much starch, little fat, 


2” 


a no fat little tannin, 


3 ” 


Starch present, no fat, no tannin, 
% fat present, 5 


Little starch some fat, little tannin. 


be) ” ” 


Much starch, no fat, 


” 


no tannin, 


” ” 


Much starch, no fat. 
little tannin. 


39 9 ” 


Very much starch, little fat, much tannin. 
Much starch, no fat, little tannin. 


No starch, no fat. Ps 
< pauchifats, 5, 


Much starch, much tannin. —,, 


” ” ” ” 


Much starch, little tannin. 


Sy , fat present, no tannin. 
Little starch, no fat, mn 
Very much starch __,, e 


Little starch and tannin. 
Much starch, no tannin. 


Starch present, little fat, no tannin. 


” ” ”? 


Little starch, no tannin, 
Very little starch, ,, 3 


Little starch, no fat, trace tannin. 


” ” » 


Much starch, much fat, little tannin. 
, very little tannin 


” ” ” 
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We observe as a general result: of 48 species examined 25 
contained active albumin and frequently there was contained 
more active albuminin the bark thanin the buds. It behaves 
therefore in this respect like the other reserve materials. 


On the Physiological Action of Neutral Sodium 
Sulphite upon Phenogams. 


BY 


K. Negami. 


While neutral sulphites are poisonous to the higher animals, 
they prove to be either not so, or only very week poisons, for the 
lowest forms of animal and vegetable life.” In regard to phe- 
nogains, however, the action of neutral sulphites does not appear 
to have been investigated, though the action of free sulphurous 
acid on plants has repeatedly been studied. 

The reason why I undertook some trials regarding this 
matter was that amido-sulphonic acid in the form of neutral 
salts was found to be poisonous to the phanogams,” while it is 
not poisonous to lower vegetable and animal life. This rendered 
the supposition possible that the specific action for phanogams 
might be due to the formation of sulphurous acid from that 
compound. 

In my first experiment I prepared a 19% solution of neutral 
sodium sulphite® and mixed it with an equal volume of saturated 


(1) O. Loew, Natiirl System der Giftwirkungen, p. 105. 

(2) O. Loew, Journal of the College of Science, Tokyo, Vol. IX, 1896, Also: 
NV. Maeno, Bull, College of Agric. ‘Tokyo, Vol. II, No. 7. 

(3) This salt was freshly recrystallized to free it entirely from sulphates, 
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gypsum solution. This solution was renewed every second day 
as an oxidation to sulphate takes place rather quickly. For 
control I prepared a corresponding solution of sodium sulphate 
mixed with an equal volume of saturated gypsum solution. Bar- 
ley plants, however, showed in these solutions after 7 days no 
distinct signs of disease. 

As I surmised that the oxidation of sulphite to sulphate might 
have been the cause of this result, I used in my next experiment 
a solution of double the former concentration, mixed with gypsum 
solution as above, and compared its effect with that of sodium 
sulphate under equal conditions and also with that of plain water. 
The sulphite solution was here renewed every day, as I had ob- 
served that the oxidation to sulphate proceeded much more 
quickly than I had surmised. The experiment was commenced 
with onions and barley plants on the 16th March. 


Temperature : min. 8°C, max, 16°C, 


I. Laperiments with Whole Plants. 


Experiment with Onions : 


After two days a poisonous effect of the sulphite was plainly 
seen in one of the stems, which dried up on the tip and lost its 
turgor ; while all the control plants remained healthy. 

On the fifth day the plants in the sulphite solution were dead, 
except the youngest branches which had still some turgor. Two 
days later all the parts of these plants were killed, while the con- 
trol plants looked still weil except that the tips of the leaves 
were drying up. 


Experiment with Barley : 

The plants kept in the sulphite solution showed after two 
days a poisonous action to a small extent, withering near the tips 
of the leaves, but on the fifth day some of the large leaves had 
completely dried up ; other leaves were also damaged, their upper 
parts having turned yellow, while the lower parts still appeared 
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healthy and green, as also did the plumula. Two days later I 
observed with these plants that every leaf was completely 
withered, while the control plants had still a healthy appearance, 
with the exception of the older leaves showing a yellow 
colouration. 

The growth of the leaves is seen from the following table :-— 


Length of Shoot 


Percentage of 


Barley plants kept in increase 


At the beginning After 5 days 


Sodium sulphite and 


ae 24.0 cm. 


242. cm. 


Sodium sulphate and 
gypsum. 


Water half saturated 
with gypsum. 


IBY, 


Experiments with Branches. 


On the 12th April, short branches about 20 cm. in length 
with many flower buds, of Prunus Persica and Prunus triflora 
were placed in 100 c.c. of a 19 solution of sodium sulphite and 
for control in a 19% solution of sodium sulphate and in plain 
water ; in these three cases the solutions were half saturated with 
calcium sulphate. 


The result is seen from the following tables : 


Prunus Persica. 


SSS SS ss 


Sodium sulphite Sodium sulphate. Water. 


April 15th. No buds opened. 


Three buds opened. 


Twelve buds opened. 


April zoth, | Three buds opened, 
but two of them were 


withering ; six were 


half opened, but per- 
fectly withered, the 
remaining five re- 


mained closed. 


Eleven buds entirely 
opened, three nearly 
opened ; all healthy. 


All thirteen buds 
opened and were of 
normal appearance. 
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Prunus triflora. 


Sodium sulphite. Sodium sulphate. 


April 17th. | Twenty four buds | Twenty seven buds | Thirty four buds 
opened, but com- | opened. opened. 
menced to wither. 


April 2oth. | All open buds were | Thirty buds opened, | All forty two buds 
dying; seventeen | eleven were half | were opened and in 
buds did not open | opened, the remain- | healthy state. 

at all. ing ten were not 
opened but healthy. 


Again, on the 14th April, young branches of Brassica 
campestris about 10 cm. long, bearing numerous flower buds were 
placed in the same solutions as above. “The development of the 
youngest buds ceased here altogether under the influence of 
sodium sulphite, while three of the larger buds had opened, but 
had completely withered on the 20th April. In the two control 
cases all the larger buds had opened and only one on each case 
was withering, while the younger buds had increased more than 
double in size after six days. All the chlorophyll in the young 
leaves was destroyed by the sulphite, and also partially in the 
case of the sulphate, probably due to the effect of the solution 
concentrating in the leaves, while the control branches in 
gypsum water showed the full preservation of their chlorophyll. 


Ill. Experiments with Leaves. 


Isolated leaves of Heliotropium Peruvianum and Vitis tn- 
constans were kept on the surface of a 19% solution of sodium 
sulphiteasabove. After six days they were found to be complete- 
ly killed showing no trace of turgor at all, while the control 
leaves in sodium sulphate and in water were still in a quite 
healthy and normal state. 
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IV. Experiments with Seeds. 


Seeds of soya bean, radish, and barley were soaked in the 
same solution as above mentioned, for 48 hours in well closed 
flasks ; the sulphite solution was once renewed after 24 hours, 
and fifty seeds of each kind were left to germinate, the barley 
and radish in Lzebenberg’s germination apparatus, the soya bean 
on moist sea sand, The result is seen from the following 
table :—- 


Number of germinating seeds. 
After 2 days: | After 3 days. | After 5 days. | After 6 days, 
| 
as Radish. 26 32 34 34 
eae Barley. 37 41 46 47 
eras Soya bean. fo) 7 32 34 
Sodium Nae 34 36 37 37 
sulphate. eae fh 25 31 44 45 
Soya bean. 31 3 49 49 
Radish. 2 31 an 31 
Water. Barley. 25 30 41 41 
Soya bean. 45 45 49 49 


It appears, therefore, that no noxious effect was felt by the 
radish and barley seeds, but it was felt tosome extent by the soya 
beans, where especially the retardation of germination was very 
striking.” Much depends in these cases upon the facility with 
which the poison can enter into the embryo. 


(1) This might have been due to the absorption of the oxygen dissolved in the water 
absorbed by the seeds, whereby respiration could not set in as soon as in the control 
cases, 
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The poisonous action of the neutral sodium sulphite for 
phznogams is however quite evident with the developed plants. 
But whether this fact explains sufficiently well the noxious action 
also of amidosulphonates has to be decided by further experi- 
ments. 


On the Poisonous Action of Ammonium 
Salts upon Plants. 


BY 
S. Takabayashi. 


It has been observed that many plants show better develop- 
ment with nitrates as a source of nitrogen than with ammonium 
salts, further that the yield of a crop decreased in certain in- 
stances, when the ammonium salts were used in too high a con- 
centration. Moreover, it is a fact that ammonium salts are never 
found stored up in plants, while nitrates can be stored to a con- 
siderable extent. Plants manured with ammonium salts contain 
only very small quantities of ammonia” while most of the am- 
monia absorbed in excess is converted into asparagine, as Mr. 
Kinoshita and Mr. Suzuki of this College have proved. 

A noxious effect of ammonium salts upon the green plants 
when administered in excess, would probably induce the 
plants to transform the ammonia quickly into asparagine, which 
is a perfectly indifferent substance for them.” 

The poisonous action of ammonium salts must naturally be 
much more rapid and more clearly exhibited on plants, whose 
store of carbohydrates is insufficient to transform all the absorbed 
ammonia within a certain time into asparagine. 

A series of preliminary experiments showed that ammonium 
carbonate in a concentration of 0.5% easily kills various veget- 


(1) 2. Schudze found with lupin shoots that the nitrogen present in the form of ammonia 
amounted only to 0.085 9% of the dry, or 0.0046% of the fresh substance. U, Saziki, of 
this College found in 100 parts of fresh buck-wheat plants, kept for 9 days in 0.19% am- 
monium chloride solution, only 0.08 parts of ammonia. (This Bulletin II. No 7.) 

(2) Ammonium salts also exert a poisonous action upon animals, that is, if more is 
administered than can be transformed within a certain time into urea, which, as Vencht 
has shown, is prepared in the liver by way of carbamate of ammonia, As soon as the 
Jiver is prevented from accomplishing this, ammonia will increase in the blood and lead 
to poisonous phenomena. (Nencki, Pawlow and Zaleski.) 
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able objects within a few days and, although more slowly, even in 
a dilution of 0.05%. That itis not merely the alkaline reaction 
of such solution to which the noxious action must be ascribed, 
becomes evident when we compare the effect of 0.05% solutions 
of sodium and ammonium carbonate. 

Further experiments have convinced me that it is impossible 
to counteract the noxious action of 0.59 solution of ammonium 
carbonate by administering at the same time cane sugar or 
glycerol in 1—29% solution, but on applying ammonium carbonate 
ina dilution of 0.05% I observed, in several cases at least, a 
retardation of the noxious action, but not a complete prevention. 
This result is evidently to be explained by the fact that the 
ammonium carbonate enters much more quickly by osmosis into 
the cells than the sugar or glycerol does. When the vegetable 
cells are provided with a sufficient quantity of glycerol or sugar 
before the ammonium carbonate enters, then the poisonous action 
of the latter may probably be better counter-balanced. 

The phenomena of the poisonous actions of ammonium carbon- 
ate were principally the following :—the rootlets of the shoots were 
softened by loss of turgor, became more translucent, and assumed in 
many cases a brownish colouration ; isolated leaves placed in the 
solution gradually exhibited brown spots and lost their turgor, 
while the liquid assumed a yellowish colour due to organic matter 
no longer retained by the cells which had died off. 

The objects which I used for these experiment were branches 
of Polygonum fagopyrum, Polygonum tinctorium, Capsicum 
longum, Ginko biloba, and Quercus, shoots of soya-beans, 
peas, beans, and potatoes, petals of sun-flowers and of roses, 
leaves of the mulberry tree and of the potato plant, and finally 
alge, as Spirogyra. 

These observations induced me to modify my further experi- 
ments in the following manner :—A part of the objects (A) was 
left in darkness for several days until most of the reserve material 
had been consumed by respiration; the other part (B) was ex- 
posed to the direct sunlight and kept at the same time in a 
solution of 1% cane sugar. Then the proper experiments com- 
menced by placing several plants of each portion in solutions 
containing 0.1% and 0.5% of the following salts, and kept in 
darkness :— 


(1) Ammonium sulphate has a much weaker action than the carbonate. 
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1. Ammonium carbonate. 

2. Ammonium sulphate, 

3. Ammonium chloride. 

4. Sodium eee | 

5. Sodium sulphate \ for control. 
6. Water. 


Experiment with Barley. 


Time of exposure to darkness: seven days; Temperature of 
greenhouse : minimum 10°, maximum 10° C. 

Two young plants 24—28 cm. high were placed in each 
vessel (March 3). 

The noxious action upon the two starving plants (A), of am- 
monium carbonate in a dilution of 0.19% was very evident, when 
the plants were compared with the well nourished two control 
plants (B) in the same solution. The latter had not only numer- 
ous young rootlets but also five still healthy leaves which were 
only a little yellowish at their base, while there was not a single 
healthy leaf noticed in the other case ; a yellowish colouration was 
seen all along the stems, and the leaves were more or less dried 
up from the tip downward. 

The other contro! plants (A) kept in 0.199 sodium carbonate 
were still alive, although they had more or less yellowish leaves, 
while those in 0.59 sodium carbonate were much injured. How- 
ever, there was a great difference noticed in the plants (B) placed 
in sodium carbonate compared with those kept in ammonium 
carbonate, both in 0.5% solutions, the former carbonate being 
by far less noxious than the latter, proving that it is not the 
alkaline reaction itself which exerts the noxious action. 

Some etiolation was however noticed more or less in all the 
plants, and also the withering of some leaf-tips even with most 
of the plants (B), although this phenomenon was much more 
noticeable with the plants (A). 

The following table shows the results of some of the observa- 
tions :— 
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TABLES 


Con- 2 p 
__| dition. Leaves. Remarks. 
Green fo) ) No living leaves, no young root- 
B35 A Partly yellow Syl lets, stem only green in a slight 
59 i 3 g g 
Sez g Yellow. 9 \ degree. 
- ° fo} 
) Eee Green 2 
a0 B Partly yellow 8 } 13. Numerous young rootlets. 
< Yay 3 yous 
Yellow. 3 
Green I 
3 A Partly yellow 3 Lye Young rootlets. 
soe Yellow. 6 | 
S28 
) 2 = Green 2 | 
Ss) B Partly yellow 4+ 9 Young rootlets. 
Yellow. 3) 
Green 2 Leaves lost their turgor com- 
Bis A Partly yellow Lakes - Ba ] 4 9 8 1 
Ba Wallon mn pletely and turned yellow. 
ages ; 
we S 
° 2's Green fo) ] Young rootlets were formed at 
ao B Partly yellow 7-13. | the beginning but later on were 
Yellow. 6 | Killed. 
Green © | Some of the leaves lost their 
Ris A Partly yellow rp, 8 : barear 
Lob Ss Yellow. 7 | ae 
Ass 
os S g : 
ea 5 B cree ‘ell i) | 8 Rootlets killed, some of the 
SN lao dae 4 leaves withered. 
Yellow. 4) 
Green i) 
ee A Partly yellow 6 II Some leaves withered. 
Loz = Yellow. 4 
Nes 8 
3 eS Green 3 ) 
so \S "4 - = 
Bt B Partly yellow See pene ee Deganie 
Yellow. 4 \ gear 
Green I : : . 
: A Partly yellow AN ee Some of the a leaves dried 
eee Yellow. 2 P. 
N38 8 
° 3 = Green I 
2 B Partly yellow ‘ta af New rootlets appeared. 
Yellow. 2 
Green fe) 
5 A Partly yellow 4 15. Rootlets killed. 
Nain Yellow. II { 
Ne 
rae a i. a 
Ie Green 
< 


Partly yellow 
Yellow. 
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Continued. 


Green 
Partly yellow 
Yellow. 


0.5% 
Sodium 


Green 
Partly yellow 
Yellow. 


sulphate. 


Green 
Partly yellow 
Yellow. 


0.1% 


Ammonium 
chloride 


Green 
Partly yellow 
Yellow. 


Green 
Partly yellow 
Yellow. 


0. 5% 
Ammonium 
chloride 


Green 
Partly yellow 
Yellow. 


Green 
Partly yellow . | Some young rootlets developed. 
Yellow. 


Green 
Partly yellow 


Numerous young rootlets 
Yellow. developed. 


Second Experiment. 


The experiment was repeated on March 16th with barley 
25—30 cm. high and young onion plants, with the modification 
that only a 0.1% solution of ammoninm carbonate was applied 
and for comparison sodium carbonate, and further a 19% solution 
of ammonium sulphate and of sodium sulphate. 

After 6 days great differences in the conditions of the plants 
were noticed. Some etiolation had taken place in all the plants. 
The ammonium sulphate (19%) had killed the barley plants (A), 
the sodium sulphate, however, had not done so. The roots and 
leaves of the plants (A) kept in 0.1% ammonium carbonate were 
much more damaged than those of the plants (B). 
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TASLEV IL 
Barley. 
SS 
oe | Leaves. | Remarks. 
Z Green I 
Es A Partly yellow 3 10. Young rootlets were killed. 
Yo" B Yellow 6 
S8 & 
Oo Hs : 
ay Green 3 | 
ae B | Partly yellow 4/12. New rootlets 2 cm. 
Yellow 5 | 
Green 2 
Le A Partly yellow 4711. No new rootlets. 
Lok S Yellow & 
$2 8 
= 5a 
ne Green 3 = : " 
s RB Partly yellow 4 ‘10 Numerous Rea 4-5 cm. 
Yellow 2 one: 
S All the leaves turned : 
ge A yellow, | No new rootlets. : 
Yok S | 
EN aeye=| 
_ jem 
- 3 Green I} 
a” B Partly yellow 3 (2 No new rootlets. 
Yellow 5 
\ er sallow ss Young rootlets appear, but 
eg = Ae eS os 39: shorter than at B. 
aa 8 ellow 5g 
rs 8 
As Green 2 
% B col yellow 4/11. Young rootlets appeared. 
rellow 5 
| | Green 2 ) 
A Partly yellow 3 p10. New young rootlets. 
B Yellow 5 \ 
= | Green 5 | 
B Partly Yellow 4/12. New rootlets 6 cm. long. 
Yellow g \ 
Onton. 
| Con- | ae c 
ditions: : Leaves. Remarks. 
} 
Es A | me ae q leaves killed ; Young leaflets 2 cm. 
sek | | 
x ° 8 | 
ofn | | 
A Oi rod | Bs : Young leaflets 3 cm. 


————————$—— 
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Continued, 


> 


The old leaves killed. Young leaflets 1 cm. 


0.1% 
Sodium 
carbonate, 


ts 


Young leaflets 3.5—8 cm, 


| 
| 


No young leaflets. 


1% - 
Ammonium 
sulphate 


Leaflets I-4 cm. 


Young leaflets 1-2 cm., tips of 
the leaves dried up. 


sulphate. 


Young leaflets 2-10 cm., tip 
of the leaves dried up. 


= — 


Leaflets appeared. 


Young leaflets 14 cm. long. 


Third Experiment. 


Young wheat and barley plants (A) 20—22 cm. high were 
this time (April 8th) subjected to a longer period of starvation 
than before, namely 7 days, kept in darkness at 10°—20°C., while 
the control plants (B) were kept in 19¢ cane sugar solution as 
before and in daylight, before the solutions were applied. 

Then all the plants were placed in 0.29% and 0.1% solution 
of ammoniun carbonate and for control in water and in 0.2% 
sodium carbonate. After 3 days it became evident that the 
plants (A) kept in ammonium carbonate were suffering very 
much, seven leaves having withered, while the plants (A) kept 
in water had merely some etiolated but still living leaves, and 
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showed only the first stages of withering, which proves again 
that it was not the degree of starvation itself which brought on 
the damage in the former case, but a decidedly poisonous action 
of the ammonium carbonate, Further, the plants (B) kept 
previously in sugar showed only one completely dried-up leaf 
and three partially dried up under the influence of ammonium 
carbonate ; further the chlorophyll with the barley plants was 
better preserved than with the wheat plants. Finally, the con- 
trol plants kept in sodium carbonate in darkness showed a much 
better appearance than those in ammonium carbonate. 


TABLE 1H. 


Barley. 
Ea Length.) 
zB April April Leaves. Remarks. 
3 14th. 19th. 
3 4 9 
= Pee, All yellow ; two leaves | No rootlets ; roots trans- 
Bes 32 cba 53-5 ca dried up. lucent: 
xea § 
ae 8 r 
6 a2 All green, but the tips | : 
26& | B | 32 cm. | 35 cm. of 3 leaves turned io pee roots 
yellow. 
Rather yellow ; two : ; 
EA A | 30 cm. | 32 cm. eeniieies) No new rootleis. 
Yo Ss 
NAS a 
a3 ° 
o8 e Two leaves partially 7 
o | B | 30 cm. | 33 cm. eallens New rootlets. 
Green 2 
alg || et |] Spe Gens [SS Partially yellow 4 No new rootlets. 
Loz Dried up 3 
=8 8 
of2 : 
aa Almost all the leaves | New rootlets develop- 
B | 30 6 7 
9 39» 139 » | green. ing. 
Green 4 
ZOn elie se4eass Partially yellow 3 New rootlets. 
Dried up I 


The leaves green, only 
29 , |28 ,, | two ofthem partially | Numerous new rootlets. 
yellow. 


(1) The length of the /onges/ leaves was measured at the beginning (14 April) and at 
the close of the experiment (19 April). 
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Wheat. 
g Length. 
= April April Leaves, Remarks. 
6 | r4th. | roth. 
Oo 
geal We 28-29 | 29-30.5 | Yellow 4 No new rootlets, lost 
xe 3 £ cm, cm. Dried up 5 | turgor, leaves etiolated. 
Les 
o Be eee Hee Green 2 
eB ae 39°33 Partially yellow 5 No new rootlets 
H : He Perfectly dried 2 
< Almost all the leaves 5 eet he ede H 
: 3 ASP 2Oes, Ones, yellow, but still healthy. Rootlets developing, | 
Lrg 
2 Fo Green 3 
S|! 3 | yey a, |) SH op Partially yellow 1 Rootlets developing. 
Yellow 3 
= Yell é 
8 g LN NGL) eg WBE Sin Daal ap 2 No new rootlets. 
a5 5 
of Green 2 | New rootlets somewhat 
AV || WB [okey 85 SR Partially yellow 5 4 r . A a ce 
Dried up I SERS. 
| Green 2 
H SeeS Ones ESee Gs Partially yellow 6 New rootlets. 
4 Dried up B 
RS 
= 
ad B 28-31 31-35 Most of the leaves Numerous new 
53 » green; dried up 2 rootlets. 


A fourth experiment with branches of Cydonia japonica, 
Pyrus Toringo, and Brassica campestria, covered with buds and 
partially with flowers, was carried on as before. Again, the 
noxious effect of ammonium carbonate in 0.1 and 0.2% solutions 
was quite evident after five days, when compared with the starv- 
ing plants (A) kept only in water and with the previously well 
nourished plants (B) kept in ammonium carbonate, But in this 
case also sodium carbonate had caused some noxious effects with 
Pyrus Toringo (A) and Brassica campestris (A). All the blos- 
soms of Lrassica campestris (A) had withered under the action of 
ammonium carbonate. 
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From all the observations described it follows that ammon- 
wzm salts have anoxious actionupon phenogamous plants of there 
zs not a suffictent quantity of sugar present in the plant. The 
sugar may convert the noxious ammonia into the indifferent as- 
paragine, and therefore the noxious action is not noticed in well 
nourished plants. 


The State of Cane Sugar Manufacture in Formosa. 
BY 
N. Yamasaki. 


The island of Formosa (Longitude 120° 15’ E—122° 4’ E 
and Latitude 21° 53’ N—25° 16’ N) is possessed of a variety of 
climates, as it has extensive mountain regions reaching to consid- 
erable altitude.” While in the low country we find many 
kinds of tropical trees, the mountains abound in pine forests with 
a temperate zone vegetation. I mention the following meteor- 
ogical average data :— 


Daihoku in the Northern | Takao‘?) in the Southern 
part. 1896/97. part. 1883/84. 
wien? : eae 
Average temp, °C.| Rain days, | Average temp. °C. | Rain days, 

[ | 
September, 26.8 13. 27.4 | 12e 
October. 24.4 | 20. 25.5 | o, 

| | 
November. | 20.4 | 19. 23.6 i 
December. 15.5 13. | 198 oO. 
January. 15.1 22. | 19.0 0. 
February. 13.1 25. 17.8 2. 
March. 17-3 22, 20.2 4 


(1) The summit of Mount Morison whose altitude has recently been determined by 
Professor Honda is 14,356 feet. 


(2) 1883. 
$$ 
April. May. June. July. August 

Average temp, °C, 24.5 PARP 24.3 27.9 27.8 


Rain days. 3. a 12. 16, 16. 
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The northern part of the island has a much greater rain fall 
than the southern part ; in the former the rainy season predomi- 
nates in spring, in the latter in summer. Frost occurs but very 
rarely in the former and never in the latter, in which the cane 
harvest amounts to about 809% of that of the whole island. 

There exist two regions of cane cultivation, one on the 
southern plain and the other in the river basins in the north. 
The soil is principally sandy with loam soil of the tertiary and 
quaternary ages. 

After the ground has been ploughed and dug, seed cane 
(head of cane) is planted.” Afterwards ridges are formed at 
distances of from three to four and a half feet, and of a foot high. 

Until the cane has reached a height of from two to three 
feet, the ground is weeded and furrowed two or three times, but 
no further attention is paid to the crop afterwards. 

Irrigation is nowhere resorted to. When the cane shows 
signs of withering its growth will suffer, but even in that case 
the farmers do not resort to irrigation. 


Seed Cane and Plantation. 


The seed cane, planted once in three years, must always have 
three or four knots and large and healthy buds. They are first 
soaked for several days, until the buds begin to sprout, and then 
placed from 8 to 18 inches apart obliquely in holes made by hand 
or with a kind of sickle. The principal manures used are human 
and animal excrement, vegetable refuse, sometimes also oil cakes, 
and rarely bone dust. Mineral manure has not heretofore been 
applied. 

Kinds and Crop of Sugar Cane. 

There are cultivated three kinds called (a) bamboo cane, 
(b) red cane, and (c) wax cane or white cane with much broad- 
er leaves than the others. 

On examining the three kinds from the same district I 
obtained the following results :— 


a). b). c) 
Spec. gravity of juice. 1,064 1.071 1.071 
Sucrose ,, oF 13.08 16.34 15.44 
Glucose ,, % 32 44 46 
Coefficient of purity. 84. 95. 86. 
Fibre of cane. 13.40 11.42 11.75 


(1) Between January and April. 
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Although red cane and wax cane are more profitable 
than bamboo cane for sugar manufacture, the latter serves 
almost exclusively for that purpose, probably on account of 
some other unfavourable properties of the former, as for instance 
the great brittleness of the stems. 

The cane is raised in the first year from seed cane, but in 
the following two years from the roots. The harvest takes 
place between November and April; the amount varies between 
20 and 4o tons per acre near Daihoku. 

Attacks by insects and fungi occur usually to a certain 
extent. Of the former, a kind of Hemiptera anda larva of a 
kind of Diptera may be mentioned. But more serious damage 
js caused by the larvae of Dratraca strialis, Snell (Lepidoptera), 
which corrode the pith of the cane. Diseases caused by fungj 
are not so frequent, and the serch disease so prevalent in Java 
seems to be unknown,™ but some damage is done by a Sclerotinm 
and Cercospora Képkez, which latter causes red spots on the 
cane leaves. 


Chemical Observations. 


The sample of sugar cane (bamoo cane) that served for my 
investigations came from a plantation near Daihoku, I separat- 
ed the juice merely by means of a small hand-roller, as is the 
usual practice in Formosa; hence the extraction was not 
complete. The juice of the knots and internodes of the cane 
Were separately examined (equal weights) on the 24th February 
(a) and 5th March (b), with the following results : 


Sp. grav. Sucrose. Glucose, Coeffts. of purity. 
(a). ee 1.050 9.79 Ae Fkey8) 
Internode. 1.055 11.28 42 86.5 
(b). oe 1.005 13.13 ai) 87.6 
Internode. 1.070 14.39 ae 89.9 


From this we observe that internodes contain much more 
sugar, and in a higher degree of purity, than knots; hence such 
cane as has many knots is not favourable. The low lands near 
Daihoku which are frequently inundated are very fertile, as may 


(1) Also some kinds of Coleoptera occasionally do some damage. 
(2) It has been recently asserted that this disease is not caused by fungi. 


278 N. YAMASAKI ; THE STATE OF CANE SUGAR 


be judged by the following results obtained with manured cane 
(a) and unmanured cane (b) taken from the experimental field of 
the Government. 


Sp. grav. Sucrose. Glucose Coeffts. of purity. 
ive Ae 1.070 13,08 ails 79 
(b). 1.061 10.20 iS 73 
March ae 1.070 14.31 .20 87 
(b). 1.068 10.15 23 63 


The manure consisted of animal feces as well as their ash 
and ground-nut cake. 

The relative amount of sugar in the top, middle, and lower 
part of the cane is seen from the following table :—“ 


Sp. grav. Sucrose, Glucose. Coeffts. of purity. 
Top. 1.055 12.32 .38 92.3 
Middle. 1.070 14.54 ey) 89.7 
Lower part 1,068 15.19 25 94.9 


Near the top, therefore, there is much more glucose or 
uncrystallzable sugar than near the base. 


Also both healthy and diseased canes were examined, with 
the following results : 


Sp. grav. Sucrose. Glucose. Coeffts, of purity. 


Healthy. 1.055 12.19 .46 90.2 
Diseased. 1.050 10.43 66 80.0 


The diseased cane had been attacked by insects, was in- 
jured by the wind, and was covered with fungiand worms. The 
yield of sugar was thus considerably decreased. Samples of 
juice from a manufactory of a Chinese were separatedly examined, 
the average result being as follows : 


Sp. gr. Sacharimeter Brix. Sucrose. Glucose. Coeff. of purity. 


1.061 15.6 13.48 61 86. 


In the south the quality of the juice is probably superior to 
this. 


(t) I divided the whole body into three equal parts and took equal weights of these 
parts, 
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Description of the Present Mode of Crude Sugar Manufacture. 


Cane-crushing is effected in quite a primitive manner with 
granite rollers moved by buffaloes. The juice is collected into 
the receiving pan through a bamboo pipe. In the manufactory 
are eight or nine pans with wooden rims. The first of these 
receives the juice. The second is the clarifying pan, while the 
others serve for evaporation. After clarification with lime the 
juice is conveyed into the setting tank which is placed between 
the second and third pans, and is finally concentrated in the 
other pans to which fire is directly applied. When suffici- 
ently concentrated the juice is conveyed to a large wooden box, 
about six feet and a half in length, six feet in width, and halfa 
foot in height and after about ten minutes’ cooling it is stirred 
with a kind of shovel, whereby the crystallisation is completed 
in from forty to fifty minutes. 

On an average, about six or seven hundred pounds of sugar 
are daily manufactured in one factory ; but only about six per 
cent of sugar is obtained from the cane, showing the very poor 
system still in vogue. 

Samples of brown or crude sugar from the northern part of 
the country were examined with the following result :— 


Regions. Sucrose. Glucose. 
Santenpo (Dathoku):. <0)... .2.2-: 81.05 5.16 
Kanoko (shinchiku); 1..2. 2222 0. 7757, 7.81 
Getsubi ( ii Ne Meese Pancras Selsy, TOT, 
Suikioto ( - gece aCe O05 4.76 
Taiko GBIORICSU) Sees atc reas 60.86 9.60 

Average. T3079 7.00 


The manufacture of w/zte sugar is also carried on in an 
exceedingly primitive way. The crude sugar juice is poured into 
a conical percelain jar provided with small holes at the bottom 
for the discharge of the molasses. 

After about four days moist clay” is spread on the surface of 
the hardened syrup. After about ten days the clay becomes 


(1) Each jar may contain about 120 lbs. of the crude sugar. 
(2) Sometimes mud from sewers (!) is employed. 
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hard, and has by capillary attraction removed the coloured 
mother-liquor from between the crystals. 

Onethird of the sugar presentis thus decolourised. The result- 
ing white sugar is removed, and new softened clay is placed upon 
the still brown part in the vessel which is thus decolourised in 
about twenty days. Therefore, the decolourisation of one jar is 
a work of about thirty days. This description shows the ex- 
ceedingly primitive condition of the sugar manufacture in Formo- 
sa. My enterprising countrymen will certainly by application 
of modern systems change this state of things, so that Japan will 
be able to supply its own market entirely with home-made 
sugar. 

According to the Custom House returns, the amount of 
sugar exported from Formosa to Japan proper and to China was 


Brown sugar. White sugar. 
in 1890 676.7732 45.869 “*” 
» 1893 480.529 " 29.391 ” 
» 1895 570.906 » 59-483 ” 


If we take into account the quantity consumed by the native 
population, the total annual amount of sugar produced is about 
1,600,000 tan or a hundred million kilos. The amount of brown 
sugar imported to Japan proper was 

in 1890 344,945 °" | in 1893 180,934 “” 

5s 1891 273,378 ” | os 1894 309,757" 

: 1892 262,892 ~ x 1895 243 719” 


(1) One tan is equal to about 63 kilo. 
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Uber den Kiistenschutzwald gegen Springfluthen. 
VON 


Dr. Seiroku Honda, a. 0. Professor der Forstwissenschaft 
an der Kaiserlichen Universitat su Tokyo. 


Es giebt kein grausameres Ungliick als eine durch ein 
Meeresbeben hervorgerufene Hochfluth an der Kiiste. Eine 
solche kam, wie bekannt, am 15 Juni 1896 an der japanischen 
Nordostkiiste wieder vor, Der stille Ocean erhob sich plétzlich. 
Die haushohen Wellen brachen ein und tiberschwemmten mit 
Pfeilgeschwindigkeit einen ca. 150 englische Meilen langen 
Kiistenstrich vollstandig. In nur 18 Minuten* wurden 9381 
Hauser und 6930 kleinere Schiffe und Boote zerstért oder 
weggeschwemmt und 21,909 Menschen vernichtet, 4393 sehr 
stark verwundet. 

Die Wissenschaft ist beziiglich der Ursache der Hochfluthen 
oder Meeresbeben noch nicht im Klaren; noch weniger existiert 
irgend ein Vorschlag, wie man sich gegen eine solche Even- 
tualitat einiger Massen schutzen kénnte. 

Japan wird leider sehr haufig von solchen Ungliicksfallen 
heimgesucnt. Vor 184 Jahren war die namliche Kiistenstrecke 
uberfluthet worden, was 1200 Menschen das Leben kostete. 
Weitere Hochfluthen suchten diese Kiistenstrecke zwischen 
Sendai und Aomori vor 60 und vor 41 Jahren heim. 

Die Frage, ob gar keine Vorkehrung méglich ware, um die 
Wirkung der Hochfluthen abzuschwichen, ist daher umsomehr 
berechtigt, als nicht nur die oben erwahnte Kiistenstrecke, sondern 
auch viele andere Strecken der japanischen Kiiste von solchen 
Hochfluthen heimgesucht werden, Die Statistik zeigt uns, dass 
im Durchschnitt von 6 aufeinander folgenden Perioden von je 
50 Jahren 6 Hochfluthen an den verschiedenen Kiistenteilen 
beobachtet worden sind. Herr Ogashima hat aus den Alteren 
Berichten eine interessante  statistische Zusammenstellung 
publiziert. Ich fiihre hier nur die in den letzten 300 Jahren 
beobachteten Hochfluthen an. 


* Grosse Fluthwellen brachen nur 3 mal mit je ca. 6 Minuten dauernder Pause ein. 
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Japanische Zeitrechnung. Nach Christi Geburt. Hochfluthen. 
225 1—2300 1592—1641 8 
230I1—2350 1642—1691 2 
2351—2400 1692—1741 7 
2401—2450 1742—1I791 7 
245 1—2500 1792—1841 5 
250I—2550 1842—18901 6 

In 300 Jahren : 35 


Die Ursache des Meeresbebens : sei es ,,Erdsturtz des tiefen 
Tascarora Meers” ,, vulkanische Wirkung der tiefen Schichten” 
oder ,, eine tektonische Einwirkung des Erdkérpers” wollen 
wir hier nicht weiter erértern, da diese Erklarungsversuche 
noch durchaus eines sicheren Bodens entbehren. Hier handelt 
es sich nur um die Frage, ob es durch irgend welche Vorkeh- 
rung méglich sei, den Schaden durch eine Hochfluth an der 
Kiiste zu verringern. Zu diesem Zwecke hat man entweder 
Verlegung der Wohnungen auf die Anhdhen oder eine ver- 
besserte Bauart der Hauser vorgeschlagen, aber.es hat sich, 
wie selbstredend, gezeigt, dass der erstere Vorschlag prak- 
tisch nicht gut durchfthrbar ist, und es liegt auf der Hand, 
dass der letztere Vorschlag wenig Aussicht bieten kann in 
Anbetracht, der gewaltigen mechanischen Kraft, mit der eine 
Hochfluth in die Kiiste einbricht. 

Indessen von den Thatsachen ausgehend, dass Walder 
gegen heftige Winde, Flugsand und gegen Bodenrutschungen und 
dergleichen sichereren machtigen Schutz verleihen, und dass die 
friiheren Datmyos so viele Schutzwaldungen gegen Meereswinde 
an vielen Kiistenstrichen angelegt haben, um hauptsachlich den 
Ackerbau zu beschiitzen und dieselben unter ziemlich drako- 
nischen Gesetzen zu erhalten strebten, stellte ich mir die Fragen, 
ob es sich nicht von dem letzten grossen Meeresbeben constatie- 
ren lasst, dass Walder irgend einen Schutz gegen* die Fluth 
gewahrt haben und, wenn dies der Fall ist, welche Baumarten 
dann am besten wiederstanden haben und was fiir eine Waldform 
sich als die sicherste gezeigt hat. 

Um diese Fragen studieren zu k6nnen, reiste ich nach der 
Ungliickstitte. Ich vermochte dort wahrend meines zwet 
Wochen dauernden Streifzugs durch gréssere Gebiete manches 
zu beobachten, was nicht ohne Interesse sein diirfte und im 
Folgenden dargestellt werden soll. . 
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Auf diesen Excursionen durch diese Statte grauenvoller 
Verwiistung wurde ich in meinem Streben durch Herrn Ober- 
forstmeister WZ. Hashicuchi mit grosser Aufopferung unterstiitzt, 
wofiir ich hier meinen herzlichsten Dank ausspreche. 


lL Schutzwirkung des Waldes. 


Der Schutz, den der Wald hier gewahren soll, ist natiirlich 
lediglich ein mechanischer. Er soll die grosse Geschwindigkeit 
des vordringenden Wassers massigen, was durch einen dichten 
Bestand sehr leicht zu geschehen scheint. Indem das Vordringen 
des Wassers sich verlangsamt, bleibt nicht nur Zeit genug zur 
Rettung der hinter dem Walde wohnenden Menschen, sondern der 
Wald verhindert auch das Abschwemmen der Holzhauser ins 
Meer, weil auch diese Geschwindigkeit durch den Wald wesent- 
lich verringert wird. 

1. Die Fluthhéhe* betrug in Wirklichkeit nur 2-3 meter. 
Dieselbe wurde meistens nach der Meereshéhe des Landes 
abgeschatzt bis zu welcher das Wasser eingebrochen war, 
oder nach Hohen der steilen Kuiistenfelsen beurteilt, bis zu 
denen die Wellen emporgeschleudert wurden. 

Wenn man aber die aiusserst grosse Schnelligkeit der Fluth- 
wellen in Betracht sieht, so wird es leicht begreiflich, dass das 
Wasser in den sich verengernden Thilern mit steilen Wanden 
zu einer ungeheueren H6éhe aufstaute und weit hdher hinauf 
geschleudert wurde als an den flachen Strecken der Kiiste, 
wenngleich die Fluthhdhe selbst nur eine miassige Grésse hatte. 
In der That fand ich bei solchen engen Thilern, dass Pflanzen bis 
zu einer Héhe von 15 Meter an den Abhingen abgestorben waren, 
eine Erscheinung, die ich niemals an den sanften Erhéhungen an 
der Meereskiiste beobachtet habe. Hier fand ich immer solche 
Pflanzen nicht abgestorben, welche tiber 3 Meter hoch an den 
Abhangen gewachsen waren; auch die tiber 3 Meter Hohe 
befindlichen Baumtheile zeigten keine Spur des Meereswassers. 


* Kinige Zeitungen berichten allerdings yon einer 60-150 Fuss hohen Fluthhéhe 
und von dem Weggeschwemmen mancher Biiume. Solche Thatsachen lassen den Werth 
eines Schutzwaldes als ein Schutz gegen Uberfluthung ganz illusorisch erscheinen. 
Allein diese exorbitanten Angaben beruhen offenbar auf der unstatthaften Identificirung 
der Fluthhéhe mit der Hohe der Fluthspuren, welche allerdings solche ungeheuere Hohen 
erreichen kénnen, 
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Bei den in der Nacht vom 11 zum 12 October 1837 in 
Calcutta eintretenden Mceresbeben, welches 200 Hiuser fort- 
gerissen und 300,000 Menschenleben vernichtet hatte, betrug die 
Wasserhohe nur 40 Fuss und bei der von 12 zum 17 November 
1837 von den Andamanen nach Coringa gehenden Hochfiuth, 
welche 700 Menschen zur See, 6,000 zu Land vernichtet hatte, 
nur 8 Fuss. Bei dem: im Jahre 1876 bei Bengalbay in Indien 
beobachteten Meeresbeben, bei welchem 215,000 Menschen 
get6det wurden, war die Fluth 45 Fuss hoch. Ein Schiffs- 
kapitan /itzroy beobachtete eine Hochfluth von 20 Fuss 
Hohe im Jahre 1835 an der mexikanischen Kiiste ZTalcahuano. 
Im Jahre 1755 wurden in Lissabon 60,000 Menschen durch eine 
Hochfluth getétet, deren Héhe nur 4o Fuss betrug, und im 
Jahre 1724 vernichtete cine Hochfluth von 24 m Héhe das 
ganze Callao in Peru.* Obgleich die Fluthhdhe bei solchen 
alteren Angaben wie in dem vorliegenden Fall vielleicht viel zu 
hoch geschatzt sein mag, finde ich doch nirgends eine Héhe 
angegeben, welche 24 m iiberstiegen hatte. Dass ein Wald von 
ziemlich dichtem Bestand und aus 60-150 Fuss hohen Baumstaéim- 
men bestehend, wohl erheblichen Schutz gegen solche Uber- 
fluthung des Meeres zu gewahren vermag, welche die Kiisten 
der Nordostprovinzen des Kaiserreiches verwiistet hat, ist 
desshalb anzunehmen. 

2. Grosse dicke Kieferstimme sollen durch die Fluthen 
entwurzelt und in Reisfelder geschwemmt worden sein. Indem 
ich selbst solche Ortschaften (besonders bei /shzhama_ bei 
Karakuwa) besuchte, fand ich dort in der That einige Stamme in 
den Reisfeldern liegen. Allein es war hier kein Wald vorhanden 
gewesen, sondern nur eine einreihige Allee auf einem ungefahr 
50 Meter langen und ca. 2 Meter hohen Damm, welcher das 
Meereswasser von den Reisfeldern abhalten sollte. Nun 
bestand dieser Damm aus lockerer Erde und erfuhr von jeher 
haufige Schadigung durch die eindringenden Meereswellen. 
Diesmal hatte die Fluth den Damm total ausgewaschen und die 


* Die angefiihrten Beispiele sind in den folgenden Werken erwiahnt : 

Hoernes : Erdbebenkunde, 1893. 

Rudolf : Uber submarine Erdbeben und Eruptionen, Zeitschrift fiir physikalische 
Erdkunde 1987-95. 

Mungo Ponton: Earthquakes, Their History, Phenomena und Probable Causes, 
London 1888. 
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nahen Reisfelder ruiniert. Es war daher kein Wunder, dass 
starke Baume weggeschwemmt worden sind. Auch in anderen 
Fallen- konnte ich mich davon iiberzeugen, dass nur einzeln 
stehende schwachere Baume aber nie solche in dichterem 
Bestande ausgerissen und weggeschwemmt sind, Grdssere 
Baume in der Nahe der Hauser erwiesen sich oft von grossem 
Nutzen, weil die Menschen sich oft hierauf retteten, wahrend in 
der Umgebung sonst Alles nach dem Meere hingeschwemmt 
wurde. Wenn einzeln stehende Baume schon Nutzen gestiftet 
haben, so ist dasselbe von einem dichten Bestande in noch 
héherem Grade zu erwarten. Sorgfaltige zahlreiche Beobach- 
tungen liessen mich unzweifelhaft den Schutz erkennen, wel- 
chen ein Wald an den Meereskiisten gegen die dahinter 
liegenden Ortschaften aus zu iiben vermag. Man hat schon 
bei dem Meeresbeben von Bengalen eine oben angegebene 
Schutzwirkung des Waldes beobachtet: Blanford bemerkte: 
es seien beilaufig 100,000 Menschen ertrankt worden, allein die 
Hausergruppen sind hier in der Regel von Baumen umringt, 
sonst ware der Verlust noch weit grésser gewesen.* Ich teile 
hier auch einige Wahrnehmungen von den diesmaligen Hoch- 
fluthen in gleicher Hinsicht mit. 


Schutzwald zu Z7avkata. 


Der zwischen den Stadten Zakata und /matsum? liegende 
Kiistenschutzwald ist vor ungefahr 250 Jahren vondem damaligen 
dortigen Daimyo begriindet worden, hauptsichlich, um den 
Ackerbau gegen den Meereswind zu schiitzen. Als nun der 
Wald sich hdher entwickelte, nahm man wahr, dass er nicht nur 
vortrefflichen Schutz dem Ackerland gegen Meereswind leistet, 
sondern auch, dass die Fische sich in der Nahe des Waldes 
bedeutend vermehrten, und liess dem Bestande eine besondere 
Pflege angedeihen. Als nun vor 62 Jahren ein Meeresbeben 
eintrat, und eine Hochfluth diese Kiistengegend tiberschwemmte, 
starb der Bestand grésstentei!ls ab, allein er hatte den Statten 
Takata und Imaisumi einen solchen Schutz gewahrt, dass sie 
nur mit geringem Schaden davon kamen. Nach dieser Vernich- 


* Hornes : Erdbebenkunde, Seite 444. 
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tung begriindete der Dazmyo den gegenwirtigen Bestand, 
welcher 10,05 ha gross ist und hauptsachlich aus ca. 60 jahrigen 
Pinus Densiflora mit Mischung von P. Thumbergit, Zelkowa 
acuminata und wenig Cryptomeria japonica, Juniperus=und 
Quercusarten besteht; Als Unterwuchs findet man zahlreiche 
und verschiedene Laubholzer. Von P. Densztfora zihlt man im 
ganzen Ca 11.300 Stamme von Brusthéhendurchmesser 20-30 cm 
und Baumhohe im Durchschnitt 20m. Der ganze Bestand von 
ca 100 m Breite und 1,000 m Linge bildet einen langen Giirtel 
entlang der Meereskiiste. Von diesem Gurtel bis nach 7akata 
und Jwatsumt dehnt sich eine gleichmissige Tiefebene 
hauptsachlich mit Reisfeldern und einigen kleinen sumpfigen 
Seeen aus, Wahrend eine solche Anlage eigentlich am meisten 
von einer Hochfluth geschadigt werden sollte, trat bei der letzten 
Katastrophe fast gar keine Beschadigung ein, so dass man 
allgemein vermuthete die Hochfluth ware in schrager Richtung 
in die Bucht Zakata-wan eingebrochen, und hatte so mehrere 
Reflectionen erlitten, dass die Kiiste bei Zakata nicht von der 
Hauptmasse des Wassers getroffen wurde, wie dieses durch die 
Pfeile auf Tafel IV angedeutet worden ist. Da aber solchen 
Vermuthungen jede wissenschaftliche Stiitze fehlt und an 
anderen Stellen kein ahnlicher Fall sich auffinden liess, da ferner 
sogar drei nahe an der Kiiste aber ausserhalb des Bestandes vor- 
handene Hauser vollstandig weggeschwemmt wurden, fallt jene 
vage Vermutnng in sich zusammen. Folgende Tabelle giebt die 
Schadenstatistik der Umgebung der TZakatabucht an, wobei 
zu bemerken ist, dass die Dorfer Shzwoya und Tatsu keinen 
Schaden erlitten haben, weil sie hoch am Bergabhang liegen. 

Die Tafel IV macht die Schadenverhialtnisse in der Umge- 
bung der TZakatabucht augenscheinlich, die griinen Linien 
bedeuten Kiistenschutzwald, die rothen parallen Linien die durch 
Hochfluth nur iiberschwemmte Landestheile, wahrend die rothen 
Gitterlinien diejenigen Orte anzeigen, wo zahlreiche Menschen 
getotet und Hauser vernichtet wurden. 
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durch Fluth beschudigte 


g é Hiser. b Menschen, 
Ortsname i 5 z os) 2 % E E 3 3 2 
Re Se | Se et Be | ro jae 2 |ae | 2s 

INaga-saki. vysessreessaees 43 10 fo) 5 311 49 I 12 
Tako-no-ura. ............ 67 38 5 2 I 459 87 3 
Ishishamayeenceeseerees: 25 7 fo) I I 144 35 3 3 
ETOSOsuNaenn teen go 75 fo) I 9 364 | 319 5 31 
KKothosozurd seen ereer 25 5 fo) 2 2 191 28 I 3 
Suisaki-tomari ......... 97 51 3 2 2 580 | 251 8 9 
Monno-hama ............ 33 14 2 I 2 218 90 | 60 5 
Okazharay sasiaese cscdeets os: 32 9 oO 3 2 183 43 4 ° 
Mada-ideway css. cheeses 58 fo) I fo) 400 | 232 fo) ° 
iNagaehoraspresen nest cere 63 18 fe) ° I 453 71 3 c 
OnOm ince ere neces 36 19 I 2 I 229 52 3 ° 
PRAY de Ueno seacn sence ces 38 19 fo) fo) ° 200 58 3 fo) 
Miutsuctnamteaceeestte cere: 17 6 fe) I I 104 II I oO 
INE-SAIGIEM vaneete seas eaes ai, 52 12 fo) 2 ° 252 88 fo) fo} 
/NGSOVITEN, Soctaqopnadannocoee II 10 ° fe) fo) 80 7, I fe) 
Nagasa-hama ............ 51 18 ° I fo) 389 54 I fo) 
FROMAYEN Aa cee ween, 74 43 4 3 5 510} 130 2 14 
Ushiro-hama ............ 17 6 fo) fo) fo) oI 8 2 6 
(OSG, oncdol hoe eee 51 7 oO O ° 371 20 ° I 
pANOSuapie rene: acer 
Suv eyet occu. wegen ihrer hohen Lage erlitten diese keinen Schaden. 
Mikikanichtieressce...6:2s- 15 5 fe) 2 3 99 2 7 an 
Rio“ gatpummasnad serine te. 27 Co) fo) 19 2 139 3 ° Y 
amadaaee se 175 4 I 8 6 | 1.321 23 fe) 7 
Waki-no-sawa.....,...... 58 fo) fo) 4 6 331 o) 2 
INiinocta eee 115 4 3 4 il 753 Oo; 0 2 
Naga-suna ............00. g2 2 fo) o | 14 | 586 ames 2 
Takatare. sansa: aecten: Keine Hauser- und keine Menschenverluste. 
JITEDESEEE | occnagoepsoesannon Nur wenige Hauser etwas beschidigt. 
Kawa-guchi. ......... 
IMinatoncescncmenseaeen 
Kooyatressntnmtic tau os “e % € cpa ail e oa 
INagabe. teense 
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Indem ich die Fluthhéhe in diesem Walde nach der Héhe 
der welken Zweige mass, fand ich, dass sie nur 2 m hoch war. 

Anderthalb Monate nach dem Ungliickstage waren die 
jungen Exemplare bis zu 2 m hohen P. densiflora vollstandig 
abgestorben und Aaltere Exemplare fingen meist an gelb zu 
werden, so dass die meisten Stamme des P. densiflora wohl nach 
und nach abgestorben sein mégen, wihrend P. Thumbergit und 
Yuniperusarten, so gut junge wie altere Exemplare noch lebhaftes 
Wachsthum zeigten. Die Cryptomeria und fast alle Laubhélzer 
waren schon ganz verwelkt, nur einige entwickelten wieder neue 
Blatter. 


Schutzwald der Umgebung der AZ@yakobucht. 


Die Stadt IZyakoan der Miyakobucht ist eine sehr bedeu- 
tende Hafenstadt in Miyagi-ken. In ihrer Umgebung, besonders 
an den Kiistenstrecken der Bucht findet man sehr viele ziemlich 
stark bevdlkerte Ortschaften, von denen die meisten mit 
Kiistenschutzwaldern versehen waren; bei dem diesmaligen 
Meeresbeben ergab sich nun Folgendes (Siehe Tafel V): 


a.) Schutzwald zu /ayzwara. 


Die Waldflache ist 1378 ha gross, ca 40 m breit und 330 m 
lang; sie dehnt sich unmittelbar an der Meereskiiste von Ost 
nach Nord aus und bildet einen Giirtel zwischen der Kiiste und 
der Stadt Fayzwara, welche auf derselben Tiefebene steht wie die 
Waldflache selbst. 

Der Waldbestand besteht hauptsachlich aus  grossen 
P. Densiflora vermischt mit Cryptomeria japonica, Zelkowa 
acuminata und Gleditschia triacanthes. Bei P. densiflora 
schatzte ich die Stammzahl auf ca 400 und das Alter auf ca 200 
Jahre. Der Brusthéhendurchmesser hat im Durchschnitt ca 40 
cm. und die mittlere-Stammhdhe ca 45 m. von Cryptomeria 
findet man ca 20 Stamme von 15-30 Jahren, meist im Innern des 
Waldes ganz nahe bei der Stadt. Zelkowa und Gledttschia sind 
sehr hoch, aber nur durch 5-6 Stamme vertreten. Als Unter- 
wuchs findet man zahlreiche kleine Quercusarten, Ze/kowa, 
Elaeagnus, Rosa und andere verschiedene Straucharten mit 
einigen Bambus-Stammen. 

Die diesmalige Hochfluth erreichte im Innern des Bestandes 
eine Héhe von 1,2 m; sie strémte nachweislich einerseits direct 


UBER DEN KUSTENSCHUTZWALD GEGEN SPRINGFLUTHED, 289 


herein vom Meer, anderseits indirect von dem Fluss JZiyakogawa 
vor. Der Bestand befand sich ungefahr 5 Stunden lang im 
Wasser, und wo die Waldstreu nicht die Sandfliche bedeckte, 
war eine bis ca 30 cm tiefe Erdschicht weggeschwemmt ; doch 
wurde keiner der Baumstimme dadurch entwurzelt. Ein 
Monat spiter ist der Hauptbestand von Pinus langsam gelb 
geworden und nach zwei Monaten schrieb man mir von dort 
her, dass die grésseren Pzuusstamme ganz abgestorben waren 
nud dass vielleicht die Halfte der Stéamme in dem ganzen 
Bestande Zeichen des Absterbens erkennen liessen. Die 
Cryptomerta und den Jungwuchs von P. densiflora fand ich 
auch nach 30 Tagen schon vollig abgestorben. Die Blatter 
der Laubbaéume und Straucher mit Ausnahme von Rosa rugosa 
waren nach ein paar Tagen meist schon schwiarzlich und nach 
und nach abgefallen, allein ein Monat spater entwickelten 
sie meist wieder Junge Knospen. 

Die Stadtheile, welche hinter dem Schutzbestand standen, 
haiten in keinem Hause Schaden erlitten und dort ist kein 
Menschenleben vernichtet worden, wenn gleich die ganze Stadt 
langsam tiberschwemmt wurde. Nur einige Hauser, welche 
direct am Fluss standen, wurden durch die Fluth zerstért. Der 
gegentiber der Stadt Fujiwara liegende Stadtheil Kuwaga- 
sak¢ war dagegen vollstandig zerstort und an 100 Menschenleben 
vernichtet worden. Die dortige Bevélkerung erklart wum- 
wunden, dass der Wald allein diesen grossen Unterschied 
herbeigeftihrt habe. 


6.) Schutzwald zu Koshida beim Dorf Tskee. 


Waldflache 2,943 ha gross, ca 40 m breit 700 m lang. Der 
Waldgrund besteht aus Sandboden; die Umgebung ist eine 
gleichmassige Tiefebene, welche 6stlich an dem Meer, nérdlich 
und stidlich an Ackerboden, westlich aber an einer Reihe Hauser 
grenzt, welche das Dorf Tsukez bilden. Der Hauptbestand 
besteht hier aus P. densiflora ; unter diesen waren abhnlich wie 
bei @) grosse 200 jahrige Stamme ca 1000, 40 jahrig ca 10m hohe 
10-12 cm dicke Stamme ungefahr 200 Sttick. Auch 29 jahrige 
ca 10 m hohe Cryptomeria japonica war durch 1o Stimme 
vertreten ; ausserdem verschiedener Unterwuchs wie bei a). 

Dieser Schutzwald ist von dem Schutzwald a) ca 200 m 
weit entfernt und hier waren Fluthéhe und Schadenverliltnisse 
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ganz ahnlich wie bei za). Das Verhalten der Laubbaume gegen 
Meereswasser war ganz wie bei a). 

Nach der Hochfluth ist von der 40 jahrigen P. densiflora 
beinahe 70 % ; Cryptomeria japonica ganz vollstandig abge- 
storben; von 40 jahriger P. denséflora sind bis Septenber 1896 
nur 40 Stimme verwelkt. ; 

Durch diesen Schutzwald allein wurden sowohl Menschen- 
leben als Hauser des Dorfes Zsukezt von der Vernichtung 
bewahrt; auch blieb viel Ackerland verschont. Die dortige 
Bevélkerung schreibt diesen Schutz einzig und allein dem 
Umstande zu, dass dieser Wald viel dichter als bei a) war. 


¢.) Staatswald zu Asukagata beim Dorfe Tsuket. 


Die Waldfliche 0,972 ha gross, ca 30 m breit 300 m lang, 
bedeckt gleichmissig einen tiefen Sandboden ; sie grenzt dstlich 
an dem Meer, siidlich an Grasflachen, westlich und n6érdlich aber 
an Dorfschaften. 

Haupt- und Nebenbestand sind ziemlich ahnlich wie bei dem 
Schutzwald 0), und zwar von 200 jahrigen Stimmen sowohl wie 
von 50 jihrigen sind ca je 100 Stiick vorhanden. Seit den letzten 
zwei Jahren sind als Unterpflanzung 1700 Stiick Prxus den- 
sifora frisch angepflanzt worden. Diese wurden durch die 
Hochfluth vollstandig getédtet, ebenso von dem alten Bestand 
ca 90%. Das Verhalten der Laubhélzer war hier genau wie 
bei a). Nur die hinter dem Schutzwalde liegenden Strecken 
waren von der Hochfluth verschont geblieben, wahrend die 
iibrigen benachbarten Strecken eine fiirchterliche Verwustung 
erfuhren. 


d.) Staatswald zu Akamaz beim Dorfe Tsugaruisht. 


Diese Waldfliche 4,312 ha gross ca 100 m breit 430 m lang, 
bedeckt einen ebenen tiefen humusreichen Sandboden und 
grenzt nérdlich an dem Meer, 6stlich an Sandebenen, und Acker- 
land siidlich aber an Reisfeldern, westlich befindet sich der 
ungefahr 60 m breite A #amazfluss. 

Der Bestand besteht aus Pzuus densiflora und Quercusarten, 
Zelkowa acuminata und anderen Laubholzern. P. densiflora 
war 40 Jahre alt und 15 m hoch, wiahrend die Laubhdlzer von 
sehr verschiedenen Alter und Grésse waren. 

In diesem Walde stieg die Fluth vom Meer und von 
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Akamai-Fluss aus ca 1 m hoch, aber die hinter ihm 
liegenden Reisfelder waren weit weniger beschadigt als die 
der nicht geschiitzten Nachbarschaft. Von P. densiflora ist ca 
90% abgestorben. Das Verhalten der Laubbiume gegen 
Meereswasser war hier ganz ahnlich wie bei a). Bei der vor 
42 Jahren stattgefundenen Hochfluth war auf dieser Flaiche 
ebenfalls ein alter P. denszfora-Bestand vorhanden, aber durch 
die damalige Hochfluth ganzlich getétet worden. Damals hat 
der Klanfiirst wieder den gegenwiartigen Bestand anpflanzen 
lassen, ein Beleg dafiir, dass man schon zu jener Zeit den 
grossen Werth eines Waldes als Schutz gegen Uberfluthung 
erkannt hat. 

Tafel V zeigt die Schadenverhiltnisse der Umgebung der 
Mty ako-bucht. 


Ll, Verhalten verschiedener Holzarten gegen Meereswasser. 


Vohergehende Darlegungen mégen geniigen, uns zu _ iiber- 
zeugen, dass der Kiistenwald wohl den krifligsten und zuverlis- 
sigsten Schutz gegen die Uberfluthung des Meeres zu gewahren 
vermag. Es handelt sich darum zu untersuchen, welche Holzar- 
ten am besten zu diesem Zwecke gecignet sind. Zu dieser 
Untersuchung diirfte sich nicht leicht wieder so gute Gelegenheit 
darbieten als die diesmalige Uberschwemmung, da bis jetzt 
niemals eine solche Meeresiiberfluthung beobachtet worden ist, 
welche so tief in die Waldbestande eingedrungen wire. 

Da das Wetter bald nach dem Ungliickstage sehr heiss 
und trocken war, so beobachtete ich, als ich fiinf Wochen spater 
dorthin reiste, bei den vom Fluthwasser erreichten Baumen haufig 
Verwelken und von weitem erkennbare Schwarzung der Nadeln 
und Blatter. Gewisse Baume blieben jedoch ausschlagfihig, 
einige aber waren gar nicht beschadigt. Ich war so im Stande 
leicht die empfindlichen von den wiederstandfaihigen Baumarten 
zu unterscheiden. 

LImmergrine Laubbdiume sind im grossen Durchschuitt wie- 
derstandfihiger gegen Hochfluthen als winterkahle. Laubbéiume 
mit lederartigen Blittern sind ferner immer wiederstandfihiger 
als digentgen, welche zart belaubt sind. Nadelbdume zeigen 
wm Allgemeinen wohle ein spiteres Verwelken als Laubbdume, 
allen Schitden bet den ersteren sind immer betrichtlicher als 
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bet den letzteren; bet den Laubbiumen werden meist nur dte 
Lléatter oder neue Trtebe beschidigt, die Zweig- oder Stamm- 
tetle bleiben ausschlagfihig, wihrend einmal verwelkte Nadel- 
béume dem Tode unentrinnbar verfallen sind. 


Le IKYESSO: 


Vollkommen widerstandsfaihige Holzarten, d, h. solche, die 
in allen vom Fluthwasser erreichten Bestanden in verschiedenen 


Altern vollig intact geblieden waren: 
Japanischer Name. 


Pinus Thumbergit; Parl 2. NA ae Kuromarsa 
Funtperus rigida, S. et Z. So CO one HOD 
FuUniperus. chinensis, Laine Tad nie en? Dies em 
Funiperus chinensts, var. procumbens, Endl. Sonare. 

Rosa rugosa, Thumb. ee LOS 
(Pittosporum Tobira, Att.)* .. .. .. (Tobera). 
(Litse japonica. uss.) .. .. .. «.. (Hamabtwa),. 
(Pandanus odovatissimus, L.) .. .. (Tako-no-ki). 
(Euphorbia Tirucal,) 2. ae a  Rpokesongoy 


Tl, Klasse. 


Ziemlich widerstandsfahige Holzarten, d. h. solche, die nur 
am Blattrande oder deren neue Triebe verwelkt, deren Krone 
jedoch nicht abgestorben waren: 


Geltis*sinensisN Pers 0 see ee EO 
Lelkowd acuminata, Pl. va eee ee Kaya 
Quercus glandulifera, Bl... .. .. .. Ko-nara. 
Diospyros Kaki cli i se eee 
Quercus dentata, Thumb... .. 2, ..  Kashewa. 
Salix-Arten. Lat SORES See PES Nien MUL eI ooo hae 
Thea japoutca, Noise ane Fee eee SO aee 
Hamamelis japonica, S.etZ. .. .. .. Mansaku. 
Bambs=Arten 22, Oe) = eee ee) aka 


Koelreuteria panisulata, Laxm. .. .. Mukugenjt. 
Evonymus europae, L. var. Hamiltoni- 
BNA, MACE Vk ee ne ke Ye ea 


* Die eingeklammerten Holzarten sind nicht solche, die bei diesmaliger Hochfluth 
beobachtet wurden, sondern sie sind an weiter stidlich gelegener Meeresktiste von Japan 
bei meiner Reise nach Aiushw und Formosa als gegen Meereswasser wiederstandsfahige 
Holzarten von mir beobachtet worden. 
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Evonymus japonica, Thumb. .. .. .. Masaki. 


SUE, TKYGHGSE: 


Mittelmissig wiederstandsfahige Holzarten, d. h. solche, 
deren vom Seewasser erreichten Blatter vollsténdig verwelkten, 
aber wieder neue Knospen trieben: 


Castane vulgaris, Lam.varjaponica, De. Kurt. 


Magnolia hypoleuca, S.etZ...  .. .. Ho-no-ke. 
Zilia cordata Mill. var japonica, Mig...  Shtna-no-kt. 
Picrasma quasstoides, Benn, .. .. .. Niga-kt. 
Carpinus japonica, Bi, .. .. .. +. Kuma-shide. 
Carpinus yedoensis, Maxim. .. .. .. Soro. 
Pourthiae villosa, Dene... .. ..  .. Ushi-koroshi. 
Meliosma myriantha, Siet ZZ... .. .. Awabuki. 
Acanthopanax spinosum, Miq. Pee ORO E. 
Stewartia psendo camellia, Maxim. a “Shara: 
Albizzia Furtbrissin, Botv. .. .. .. Nemu-no-kt. 


Elaegnus-Arten. eI Pee tear a eG pit Teas. 
Fuglans cordiformis Maxim... .. .. Hime-gurumi, 
Fuglans Sieboldiana, Maxim... ..  .. Ont-gurumi. 
Encastrum loota, Step... 2) el)  Leota-no-kt: 


Eyonymus Glatas, K. Koch. ..- >. .. Néshiki 97. 
Rosa multiftora Thumb... ..  ..  .. ~No-tbara. 
Ligustrum i adeaatige Thumb... .. .. Negumt-moche. 
Stachyurus precox, SietZ.  . . KiSujt. 
Rhododendron indicum Sw. var. Kempf 

Cri, Marit, Ss RE ae ee) ME SUTSH7 EC. 
Nandina domestica, T, Wiad Peas eNanten: 
Kraunhia floribunda, Taub. .. .. «2 Fuji. 


LTV. Klasse. 


Empfindliche Holzarten d. h. solche, deren sammtliche 
Stammteile abstarben und bei denen Ausschlag nur vom Wurzel- 
stocke aus statt fand : 


WICHE MONDE WER JUNEELE)) <, cwy oc, « Kwa-Kut. 
Viburnum dilatatum Thumb... .. .. Gamazume. 
Picrasma quassioides Benn. .. .. .. Niga-kt. 


Cephalotaxus drupacea, S.etZ. ..  .. Inu-gaya. 
Peonta Moutan, Att. Sra Sari, Wee eh OAs 
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V. Klasse. 


Sehr empfindliche, d.h. solche, deren ganzer Stamm und 
Wurzel vollstandig abstarben: 

Pinus densiflora, S.tt Zi, «0 on on ARG Mats, 
Crypiomeria japonica, Don. ss a SEee 
Chamecyparis pistfera, S. eZ. .. .. Sawara. 
Morus alba, L.. (altere); 25. a, an ae eae 
Prunus Pseudo-cerasus, Lindl. Jd,» Gnu OUT 
Pivus spestabilis; Atta wae hay as ee a aoe 
Cornus tgnorata, C.et Koch... .. .. Sawa-miduki. 
Rhamnus japonicus, Maxim. var. 

genuina Maxim, .. we ee ee ©=©Kurvo-umemodokt. 
Callicarpa mollis, S. et Z »2 ae) «. Vama-murasakt. 
Acanthopanax risinifolium, S.et Z.  .. Bé-dara. 


Diese Klassification ist das Resultat der Besichtigung sehr 
verschiedener Bestande und zahlreicher Beobachtungen. Da in 
den beschadigten Gegenden die Bestandteile der Waldungen dus- 
serst mannigfaltig sind und ein fast urwaldartig gemischter Bestand 
vorhanden ist, so war die Gelegenheit sehr giinstig, zahlreiche 
Holz und Straucharten in ihrem Verhalten gegen Meereswasser 
in einem gleichen Bestande also unter gleichen Bedingungen 
gegenseitig vergleichen zuk6nnen. So war es héchst interessant 
zu beobachten wie bei einem jungen durch Naturbesamung 
entwickelten gemischten Bestande von Pinus densiflora und 
P. Thumbergii mit einigen Zelkowa acuminata und Funtperus 
vigida, nur P. densifora gianzlich abgestorben war, Ze/kowa 
acuminata, die alle Blatter verloren hatten, neue griine Knospen 
trieben, wahrend bei P. Thumbergii und Funiperius rigida kein 
einziges Nadelchen gelitten hatte. 

Es ist hier noch zu bemerken, dass die eben aufgestellte 
Klassification lediglich dem Fall gilt, dass die ganze Pflanzen 
wenigstens einmal vom Fluthwasser vollig bespiilt worden sind. 
So war z. B. bei den zur V Klasse gehorigen Holzarten wie, bei 
Pinus densifiora, Cryptomeria japonica u. s. w. bei jungen bis 
zur Spitze nass gewordenen Bestinden, alles welk geworden, aber 
bei alteren héheren Bestanden nur die unteren durch die Fluth 
nass gewordenen Baumteile ; indessen auf solchem Boden, der 
mehrere Stunden lang durch Fluthwasser tiberschwemmt war, 
war bei den zur V Klasse gehérigen Holzarten auch in sehr 
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alten hohen Bestiinden, welche nur im unteren Zehntel der 
Stammhdhe vom Fluthwasser erreicht wurden, allmiahliches 
Gelbwerden der oberen Nadeln nach einigen Monaten zu 
beobachten, worauf ein langsames Absterben des ganzen 
Stammes erfolgte. 


TTT. Begrindung des Kistenschutzwaldes und 
seine Behandlung. 


Im folgenden theile ich in Bezug auf die Begriindung des 
Kiistenschutzwaldes und seine Behandlung mit, was mir nach 
meinen Beobachtungen in den wberflutheten Distrikten am 
meisten zweckmissig erscheint : 

a.) Grundidee: Der Schutzwald soll vor allem den hinter 
ihm liegenden Gelanden gegen Fluthwasser und auch gegen 
heftige Meereswinde thunlichst Schutz gewahren und in der 
diese Sicherheit gewahrenden Gestalt dauernd erhalten werden. 
Es ist aber hier nicht zu vergessen, dass der Wald auch in 
soweit, als die Ausfihrung der Grundidee nicht gestort wird, 
auch der Forstbenutzung dienen kann. 

6.) Holzarten: Zum Bestande des Kiistenschutzwaldes 
sollen nur zur J und // Klasse gehorige Holzarten ausgewahlt 
werden, da der Bestand ein gewisses Mass Bodendurchnassung 
durch Meereswasser und sogar zeitweise Uberrieselung des 
Meereswassers ertragen muss. Um aber eine profitable Wald- 
einrichtung damit zugleich zu treffen, méchte ich vor allem 
als Hauptbestand empfehlen: Pzxus Thumbergi und Zelkowa 
acuminata ; als Nebenbestand wiirden vielleicht SYuncperus 
vigida, Funtperus chinensis, Funiperus littoralis und Quercus- 
arten sich eignen. PP. Thumbergii liefert ein im ganzen Kisten- 
lande von Japan am meisten geschatztes Brenn- und Bauholz ; 
diese Holzart ist ausserdem schnellwiichsig und lichtbediirftig ; 
sie kann sehr lang 200-300 Jahre lang wachsen, so dass Stamme 
oft 30-48 m hoch und 2-3, 4 m stark werden. Zelkowa acuminata 
ist ebenfalls eine ahnliche grosse schnellwiichsige Lichtholzart, 
welche im ganzen Japan das werthvollste Nutzholz fiir Schiffe, 
Gebiude, Eisenbahnwagons und verschiedene Gerathe liefert. 

c.) Setrishsarten ; Der Kiistenschutzwald muss’ im 
Allgemeinen nur als Plenterwald behandelt werden, indem 
man in der Regel von der Innlandseite des Waldes gegen die 
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Kiistenseite hin, mit ganz besonderer Vor- und Umsicht 
verfahrend, die alteren Stamme allmahlich fallt, um dem etwa 
eutstehenden oder durch Samenabfall zu erwartenden Jung- 
wuchse Luft und Licht zu verschaffen und so allmiahlich die 
Verjiingung des Waldes herbeizufithren. Der Kiistenschutzwald 
kénnte auch wohl zuweilen als schmaler Saumschlagbetrieb 
behandelt werden, wenn der Wald nicht all zu geringe Breite hat, 
So z. B. kénnte man den Wald der Meereskiiste entlang in 
drei oder mehrere schmale Streifen einteilen und einzelne Streifen 
gegeneinander mit Kahlschlag oder Schirmschiag verjiingen. 
Bei allen Bewirthschaftungsformen miissen ferner selbstredend 
alle Fehistellen durch Pflanzen oder Samen besetzt werden. 

ad.) Waldfliche: Es ist selbstverstandlich, dass je breiter 
die Waldflache ist, desto besser der Wald auch Schutz gewahrt ; 
allein an den meisten schutzbediirftigen Kistenstrechen findet 
man tmeistens keine solche Flache, um sehr grosse Walder zu 
begriinden, weil Ortschaften haufig ganz nahe an der Kiiste 
situirt sind. Man wird daher oft sich mit mdglichst schmalen 
Schutzwald begniigen miissen. 

Aus den Schadenverhiltnissen bei der letzten Uberfluthung 
glaube ich schliessen zu diirfen, das der Kiistenschutzwald 
wenigstens 20 m breit sein miisste. Wo Ortschaften nicht 
hinderlich sind, halte ich es aber ftir sehr wiinschenswerth, den 
Wald mindestens 40-60 m breit zu bauen. 

Die Waldflache muss entlang der Meereskiiste ununter- 
brochen gelegt werden. Bei flussmiindungen ist der Wald soan 
den Flussufern zu begriinden, dass er eine convexe Flache gegen 
des Meer kehrt und desgleichen bei direct nach bis zum 
Meere durchgefiihrten Strassen (z. B. bei Hafenstadten). 

é.) Bestandsbegrindung : Um auf den Kahlflichen den 
Kistenschutzwald zu begriinden, hat man vor Allem Pflanzen von 
Pinus Thumbergit anzupflanzen. Die Pflanzen sollen 2-3 jahrig 
sein, die Pflanzweite dabei méglichst eng je nach den Standorts- 
verhaltnissen ; im Allgemeinen aber wird ein Meter Weite im 
Dreiecksverband am passendesten sein. Da, wo lehmreicher 
tiefer Boden vorhanden ist, der nicht von den gewohnlichen 
periodischen Fluthwassern durchnasst wird, hat man mdéglichst 
viel Zelkowa acuminata auf zu ziehen, da dieses Holz viel 
werthvoller als das der P. Thumbergti ist. In diesem Falle 
wire es auch wiinschenswert, immer unmittelbar an der_Kiisten 
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seite des Waldes wenigstens auf 10 Reihen P. Thumbergii und 
von da an nach dem Inneren Zelkowa acuminata zu bauen. 

Sf) Bestandspflege : Die bei den diesmaligen Springfluthen 
verwelkten Bestinde sind méglichst bald nachzubauen, was 
nur durch Einpflanzung geschehen kann. Woaber dem Bestand 
noch viele Baume erhalten sind, so dass er einen Schutz ausiiben 
kann, ist die Begrtindung auch vielleicht durch Besamung von 
P. Thumbergit oder Zelkowa acuminata moglich. Auf jeden 
Fall muss hier das Anziinden von Feuer und Grassnutzung in dem 
Bestande untersagt werden. Wenn der vorhandene Wald sehr 
alt und die Stamme zu hoch hinauf entistet sind, wie es beim 
Kiistenwald oft der Fall ist, so muss ebenfalls das Anztinden von 
Feuer so wie Streunutzung streng unterbleiben, damit der 
natiirliche Unterwuchs beschiitzt ist und weiter sich entwickeln 
kann. Wenn man den natiirlichen Nachwuchs nicht mehr erwar- 
ten kann, so muss der Unterwuchs durch kiinstliche Besamung 
oder Pflanzung begriindet werden. Man braucht hier nicht 
besorgt zu sein um die diesen beiden genannten lichtbediirftigen 
Hauptholzarten nothige Licht- und Luftmenge unter dem alten 
Bestande, da die hier nur 20-60 m breiten saumartigen hohen 
Bestinde von beiden freien Seiten her Licht- und Luft in genii- 
gender Menge zulassen. 

g.) Waldverwaltung : Der Kiistenschutzwald soll eigentlich 
von schutzbediirftigen Ortsgemeinden gebaut und verwaltet 
werden. Es ist aber nothwendig, dass die wichtigen Schutz- 
waldungen vom Staate aus begriindet und controlliert werden, 
wo die zugehGérigen Ortsgemeinden nicht in der Lage sind es 
zu thun. So in den neuerdings von Meerfluthen betroffenen 
Gegenden, wo die Gemeinden wegen der grossen Verluste 
nicht im Stande sind, selbst den Schutzwald zu bauen, ist es 
nothwendig von den Oberf6rstereien aus Schutzbestand zu 
begriinden, oder wenigstens staatliche Hilfe den Gemeinden 
zu gewahren. 

Zu einer umfassenden Begriindung der Kiistenschutzwilder 
auf den tiberflutheten Strecken wire die Zeit jetzt eine héchst 
giinstige, da jeder Privatgrund dort, dessen man zur Schutzwald- 
begriindung benéthigt ware, noch unbebaut und brach, héchst 
billig zu kaufen ist, so dass es dem Staat oder auch den dorti- 
gen Gemeinden moglichist, mit verhaltnissmissig geringer Kosten 
die ganzen Kistenstrechen der Provinzen J@agz, Jwate und 
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Aomori mit einem Giirtel von Wald zu versehen, der sie gegen 
kiinftige Hochfluthen schiitzen k6énnte, ohne selbst dabei ver- 
nichtet zu werden. 


BUII, AGRIC, COIN. VOI.M Tafel IY, 
UMGEBUNG ber TAKATA-BUCHT. 
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Uber Schwinden und Quellen der Holzer. 
(Mit 6 Holzstichen und Tafeln VI~XIV m Lichidruck.) 


VON 


Professor Dr. Diro Kitao. 


Schwinden und Quellen sind durchaus relative Begriffe, 
insofern als der Begriff ,,Griinzustand” nicht an einen 
bestimmten Feuchtigkeitsgehalt eines Holzstiicks gebunden 
ist. Ein frisch gefalltes Holz kann entweder gequellt, oder 
geschwunden erscheinen, je nach dem Feuchtigkeitsgehalt: 
Wird ein Stiick Holz in Wasser gelegt und so gequellt, und 
dann der Luft ausgesetzt, so dass die eingesogene Feuchtigkeit 
verdampfen kann, so tritt Schwinden ein; allein das Holzstiick 
wird immer noch gequellt sein, so lange seine Feuchtigkeit nicht 
die Grésse erreicht, bei der es zum Quellen gebracht worden 
war. Wenn man darum einen Feuchtigkeitszustand des Holzes 
als normal fixirt, so wird das Holz gequellt oder geschwunden 
sein, je nachdem seine Feuchtigkeit grésser oder kleiner ist, als 
jene. 

Nun hat Laves* durch seine Quellversuche es héchst wahr- 
scheinlich gemacht, dass die Quellung eines  Holzstiicks 
tangential am gréssten, und longitudinal am kleinsten erfolgt, 
dass die im Griinzustand saftreichsten Holzer bei der Trankung 
im trockenen Zustand wieder mehr Wasser einsaugen und 
demgemiss eine gréssere Volumenvergrésserung zeigen, als saft- 
arme Holzer, d. h. dass Quellung eines Holzstiicks demsel- 
ben Gesetz unterworfen ist, wie seine Schwindung. Nordlinger t+ 
hat sich an zwei identischen Scheiben von Crataegus punctata 
davon tiberzeugt, wie geringfiigig der Einfluss des Wassers auf 
die Schwindungsgrésse des Hdélzes ist und glaubte sich zu der 
Annahme berechtigt, dass bloss gequelltes, nicht sehr lange 
geflésstes Holz zu seinem urspriinglichen Gewicht und Volumen 
bei der Austrockenung zuriickkehrt. 


*Laves: Mittheilungen des Hannoéverschen Gewerbevereins. [12te Lieferung] 


pag. 300. 
+ Nordlinger, Die technischen Eigenschaften der Hélzer. Pag. 341. 
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Indem wir im Folgenden unternehmen, die Gleichgewichts- 
bedingung des Holzelementes in einem  gequellten oder 
schwindenden Holzstiick aufzufinden, wollen wir auch die 
Annahme machen, dass Schwinden und Quellen eines Holz- 
stiicks nur durch den _ Feuchtigkeitsgehalt bedingte und 
bestimmte Vorginge seien, und dass ein Stiick Holz, das einmal 
gequellt wurde, durch Abgabe einer gewissen Wassermenge 
dieselbe Schwindungsgr6ésse erreichen k6nne, in der es gequellt 
wurde, und umgekehrt, d.h. mit anderen Worten, dass Schwin- 
dung und Quellung eines Holzstiicks eine und dieselbe Function 
des Feuchtigkeitsgehaltes seien. 

In einem Holzstiick vom Griinzustande ist der Splint 
bekanntlich immer feuchter als der Kern ; die Feuchtigkeit eines 
Hirnstiicks muss darum von der Stammmitte aus nach der 
Rinde zu zunehmend betrachtet werden. Wird eine Holz- 
scheibe zum Quellen oder zum Schwinden gebracht, so wird 
die Vertheilung der Feuchtigkeit nicht bloss durch die Ver- 
theilung der Kern- und Splintzellen geregelt sein in Folge 
der verschiedenen Leichtigkeit, mit der das Wasser sich im 
Holz longitudinal, radial oder tangential fortpflanzt. Trankung 
oder Verdampfung findet zuerst auf den Fliachen statt, in denen 
die MHolzzellen unmittelbar mit Wasser, respectiv mit der 
ungesattigten Luft in Berithrung kommen. Von diesen Flachen 
aus schreitet die Trankung oder Trockenung in das Innere der 
Holzmasse fort; die Feuchtigkeit eines Holzelementes muss 
darum von Ort zu Ort variiren, und zwar so, dass die 
Fortpflanzung der Trankung oder Trockenung  schneller 
longitudinal vor sich geht als radial oder tangential. Die 
Feuchtigkeit eines Holzstiicks kann demnach nicht nur davon 
abhangig sein, ob es ein Splintstiick ist, oder ein Kernstick, 
sondern auch davon, ob in dem Holzstiick der MHirn, oder 
Spiegel-oder Sehnenflache vorherrscht. 

Dem entsprechend kann die Grésse der Quellung oder 
Schwindung nicht bloss durch den Unterschied Kern und Splint 
bedingt und bestimmt sein, sondern auch durch die Flachen, in 
denen das Holzstiick dem Wasser oder der ungesittigten Luft 
ausgesetzt wird und zwar in der Weise, dass sie um so schneller 
einer durch Maximal-Trinkung oder Trockenung bedingten 
Grosse zustrebt, je grossere Hirnflache das Holzstiick aufweist ; 
die Grésse der Quellung oder Schwindung ist darum von der 
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Gestalt des Holzstiicks abhingig, nicht allein von der Verthei- 
lung des Kern- und Splintholzes in dem Holzstiick. 
Schwindung und Quellung erfolgen in der Hirnflache nicht 
gleichzeitig ; sie pflanzen sich von der Rinde aus in’s Innere 
fort. Einer der friiheren Studenten des hiesigen Institutes Herr 
Koide hat an zwei Scheiben naher untersucht, wie die Schwin- 
dungsgrésse in der ganzen Hirnfliche yvertheilt ist. Die Scheiben, 
von denen die eine dreieckig verarbeitet war, sind einem 22 jahri- 
gen krafligen Quercus Grandulifera (Nara) entnommen, Die 
Jahresringe waren schon concentrisch. Die Methode war die 
Nordlingersche ; auf jeder der Scheiben wurde ein Dreieck 
moglichst fein aufgetragen und jede der Seiten, die mit der 
Radialrichtung zusammenfallen, in gleiche Theile abgetheilt, und 
je zwei Theilpunkte wurden geradelinig verbunden. Wenn 
gleich die Rinde bei der Vollscheibe gelahmt wurde, wurd 
kein Sicherheitsspalt durch dieselbe gelegt*; um den Einfluss 
der Gestalt auf die Schwindungsgrésse ungetriibt zu erhalten. 


* Nordlinger : Die technischen Eigenschaften der Holzer. Pag 294. 
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VOLLSCHEIBE. 


LTangentialschwinden. 


11 Tage. | 14 Tage. | 24 Tage. 


Splint vo stestiseiae-<ceevaeaecs 


4.00 4.40 
2.50 4.00 
3-43 3-76 


KSEE eee sees oor ESE 


Splint. /ssvcdessecssosvactectaress 


aN 


0.25 


Kern 1 55 oss cesa ene eee 


Die Vollscheibe war ohne Riss geblieben. Es ist hierbei 
besonders zu bemerken, dass das Tangential- und Radial 
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schwinden in einer nicht anfreissenden Vollscheibe wenig von 
einander zu differiren pflegen, wie schon No6rdlinger* darauf 
aufmerksam gemacht hat. 

SCHEIBENDREIECK. 


Tangentialschwinden. 


* Nordlinger a. 0. a. O. pag 301. ! 


+ An diesem Tage war es regnerisch. 
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Wie man sieht, pflanzt sich das Schwinden von Splint nach 
Kern fort und indem das Schwinden fortschreitet, nimmt der 
Schwund im Allgemeinen in allen Punkten zu. Bei der Voll- 
scheibe nimmt der Tangentialschwund zuerst ungefahr im Ver- 
haltniss 2:1 zu dem Radialschwund zu, danns trebt er entschie- 
den zu derselben Grenze zu, wie der Tangentialschwund. Bei 
dem Scheibendreieck ist das Verhaltniss des Tangentialsch- 
wundes zu dem Radialschwund zuerst ungefahr 2:1; allein, 
indem das Schwinden die innerste Zone erreicht, wachst der 
Tangentialschwund in jeder Zone bei weitem schneller gegen 
gewisse Grenzwerthe, als der MRadialschwund. Die Aus- 
trockenung erfolgt dabei bei dem Scheibendreieck schneller, 
als bei der Vollscheibe. 

Wenn das Holz so viel Feuchtigkeit einbiisst, dass es an- 
hebt, hygroskopisch zu werden, oder so viel Feuchtigkeit auf- 
nimmt, dass seine Zellen nicht mehr Volumenvergrésserung 
erleiden, so hat das Schwinden oder Quellen das Maximum 
erreicht. Die Grésse dieses maximalen Schwindens oder Quel- 
lens kann indessen nicht durch die Vertheilung des Kern- und 
Splinthélzer in dem Holzstiick allein bedingt sein. Ware das 
Holz ein isotroper homogener KGrper, so wiirde ein Holzelement 
unter Wasserabgabe, respectiv-Aufnahme sich so zusammen 
ziehen oder ausdehnen k6énnen, als befande es sich allein. Ware 
des Holz ein zwar anisotroper, aber homogener Ko6rper, so 
wirde ein Element wenigstens in bestimmten Richtungen sich 
so zusammenziehen, oder ausdehnen, als befande es sich allein. 
Ein Stiick Holz ist aber ein anisotroper, heterogener Ké6rper, 
zusammengesetzt aus Elementen, welche in drei unterschied- 
lichen Richtungen sich verschieden zusammenziehen oder 
ausdehnen und je nach ihrer Lage in Bezug auf die Stammmitte 
im verschiedenen Grade befahigt sind, sich zusammenzuziehen, 
oder auszudehnen. In einem Stiick Holz kann darum ein 
Element unméglich so schwinden, oder quellen, wie es hatte bei 
der Feuchtigkeit, die es hat, thun miissen, insofern, als es unter 
dem Zwang der benachbarten, mit ihm im Massenzusammenhang 
stehenden Elemente steht. Unter diesem Zwang des Massen- 
zusammenhanges muss die Schwindung oder Quellung eines 
Holzelementes der Grésse nach verschieden erfolgen, als der 
Fall gewesen ware, wenn die Schwindung oder Quellung 
desselben frei vor sich gegangen ware, d. h. wenn das Element 


BER SCHWINDEN UND QUELLEN DER HOLZER. 305 


allein stiinde, und sich zusammenziehen oder ausdehnen kénnte 
nur gemiass der Feuchtigkeit, die es enthalt. 

Nordlinger* hat aus einer Scheibe schmahle Streifen in 
tangentialer und radialer Richtung ausgearbeit und nannte die 
so erhaltene Schwindungsgrésse ,,absolut.” Er gelangte zu 
dem Satz, dass das Schwinden um so stiarker auftritt, je unbehin- 
derter, d. h. an je kleineren Stiicken, sich dasselbe aussern kann. 
Herr Koide hat auch japanische Holzer in Bezug auf das 
sogenannte absolute Schwinden naher untersucht und im 
allgemeinen den Nordlinger’schen Satz bestatigt gefunden. Er 
entnahm einer Holzart je drei identische Scheiben in den 
Stamimsheien 0,373.3" 6:37 9.3" 12.3", von denen, die eine in 
tangentiale und radiale Streifen nach der Nordlinger’schen 
Vorschrift zersigt wurde, die zweite ein Scheibendreieck vom 
Winkel 90° bildet, und die dritte als Vollscheibe zum Aus- 
trockenen gebracht wurde. Die Messung geschah mittelst 
eingeschlagener Stecknadeln ; ihre Durchmesser wurden bei der 
Messung selbstredend eliminirt. Bei der Vollscheibe wurde ein 
Sicherheilsspalt nicht gelegt, weil es beabsichtigt wurde, zu 
ermitteln, wie die radfale und tangentiale Schwindung ausfallen 
wiirde, wenn cine Vollscheibe nicht aufreisst. Die Rinde wurde 
jedoch durch ein Paar Schnitte gelahmt, was nicht sonderlich 
die Wirkung derselben aufheben diirfte. Jede Scheibe wurde 
durch zwei Geraden in vier Quadrante getheilt, und in jedem 
Quadrant, ausgenommen den Quadrant, in dem ein Riss ent- 
stand, wurde die Schwindungsgrésse gemessen. Die folgende 
Tabelle giebt das Mittel der Schwindungsgrésse in den Quad- 
ranten. Die Dicke der Scheiben betrug constant 2°. Gefallt 
wurden die Baume im Monate April in Kiyosumi, dem Ver- 
suchswald des hiesigen Institutes. Die Schwindung wurde als 
vollendet betrachtet, als die atmosphirische Feuchtigkeit Ende 
des Monates August die Schwindungsgrésse zu_beeinfliissen 
begann. In der folgenden Tabelle bezeichnen. 

AR die absolute radiale Schwindungs- oder Quellungsgrésse. 

AT die absolute tangentiale Schwindungs- oder Quellungs 

grosse. 

RD die radiale Schwindungs- oder Quellungsgrésse im 

Scheibendreieck. 


* Nordlinger : a.o, a. O. pag 295. 


306 UBER SCHWINDEN UND QUELLEN DER HOLZER. 


TD die tangentiale Schwindungs- oder Quellungsgrésse im 


Scheibendreieck. 

RV _ die radiale Schwindungs- oder Quellungsgrésse in 
Vollscheibe. 

TV die tangentiale Schwindungs- oder Quellungsgrésse in 
Vollscheibe. 


Die rémischen Ziffern bedeuten die Stammshdhen, denen 
die Scheiben entnommen worden sind, und zwar 


{=0,3", “N=33355) Til=—6.32," TV =o32 View 


Kuromatsu (Pinus Thumbergit). 


| AR TV 
Splint] 2.41 % Splint 
T Se 
Kern | 1.38 Kern 
Splint] 1.91 Splint Splint 2.69 
1 V 
ier || igs Kern Kern 2.76 


Die Vollscheiben, I, II, III, 1V wurden unbrauchbar in Folge 
vielfacher Risse. Die Scheibe V war ohne Riss geblieben; die 
radiale Schwindungsgrésse differirt wenig von der tangentialen 
und zwar in jedem der vier Quadrante. 


Hinoki (Chameocyparis obtusa). 


RD TD RSV a/v 

Splint} 1.14 Dee Splint] 1.44 | 1.84 
I I 

Kem 1.48 Asi Kern } 1.45 | 1.85 

Splint} 1.00 2.29 Splint} 1.53 | 1.56 
II II ——— 

Kern 1.11 1.75 Kern | 1.74 | 1.69 

Splint} 1.14 2.54 Splint} 1.49 | 1.48 
Il Ii 


Kern 1.15 2.11 Kern | 1.46 | 1.47 
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Die Vollscheibe I hat einen Riss bekommen, wahrend die 
Scheiben II und III ganz geblieben waren. 


Sawara (Chameocyparis pisifera). 


IY |) AD AY 


Splint Splint] 1.05 | 1.91 


Kern Kern | 1.24 | 1.80 


Splint Splint) 1.18 | 2.06 


Kern Kern | 1.25 | 2.01 


Splint Splint} 1.21 | 2.28 


Kern Kern | 1.55 | 2.00 


Jede der Vollscheiben hat einen Riss bekommen. 


Sugt (Cryptomeria japonica). 


Splint Splint Splint 
I I 

Kern Kern 1.44 Kern | 1.66 | 1.63 
Splint Splint 1.71 Splint] 1.07 | 1.04 

II II 
Kern Kern _1.00 Kemp} 0-32) | 1-30 
Splint Splint 1.98 Splint} 1.36 | 1.31 

II Il 
Kern Kern Kern }| 1.06 | 1.22 
Splint} 1.21 | 1.30 

IV 


Kern | 1.30] 1.33 


Jede der Vollscheiben war ohne Riss gebleiben. 
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Kurokashi (Quercus sessilifolia). 


Splint Splint] 3.79 | 5.06 


Kern | 7.87 | 8.70 


Kern 


Jung Jung 
holz holz 5.62 | 5.94 


Die Vollscheibe I riss stark auf. 


Momi (Abies firma). 


Ausser. 


eae Nye) |S Ausser. | 1.27 Ausser. 2.14 
I 

mine Te1G) |p 3-30 Inner. | 1.41 Inner. 2.15 
Ausser. | 1.45 3.65 Ausser. | 1.20 1.87 

II 
Inner. | 1.47] 3.41 ' | Inner. | 0.88 Tnner. 1.70 
Ausser. | 1.17 | 3-53 Ausser. | 1.62 Ausser. 1.80 

Til 
Innere 39) 93-32 Inner. | 1.28 Inner, 1.60 
Ausser. 1.85 


Inner. 


Die Scheiben I und IV sind aufgerissen. 
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Keyaki (Zelkowa Keakt). 


Splint 


Kern 


Splint 


iil 


Kern 


Die Vollscheiben sind ohne jeden Riss geblieben. 


Sakura (Prunus pseudocerasus). 


Splint Splint 


Splint 


Kern Kern Kern | 2.85 | 2.90 
Splint Splint Splint} 4.07 | 4.06 
II 
Kern Kern Kern] 3.47 | 3-47 
Splint} 4.58 | 4.67 
III 
Kern] 4.64 | 4.77 


Die simmtlichen Vollscheiben sind ganz geblichen. 
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Uri-Kayede (Acer rufinerve). 


AR ae RD | @D: “RV | TV 
Splint} 3.32 6.59 Splint} 4.27 5-73 Splint] 6.22 | 6.11 
I I I ———— 

Kerns 77 7.23 Kern] 4.50 6.61 Kern | 7.88 | 7.43 

Splint] 3.39 6.76 Splint} 4.02 5.53 Splint} 4.04 | 6.27 
II II I 

Kern] 3.80 7.51 Kern} 4.32 6.25 Kern] 4.23 | 6.46 

Splint] 3.02 6.54 Splint] 5.43 | 5.43 
Ill Ui 

Kern} 3.15 6.36 Kern | 5.92 | 6.86 


Die Jahresringe sind sehr excentrisch. Die Scheibe II 
erhielte einen klaffenden Riss. 

Herr Koide hat dieselben Holzarten auch in Bezug auf die 
Quellung naher untersucht, indem er diesen Winter dieselben 
vollig lufttrocken gewordenen Scheiben in’s Wasser brachte 
und sie vollig aufquellen liess. Ich bemerke noch, dass die 
unten mitgetheilten Zahlen die Ausdehnung der Lingeneinheit 
geben von dem Zustand der Lufttrockenheit bis zu dem Zustand, 
wo die Ausdehnung ein Maximum geworden zu sein scheint, 
dass nicht jede Holzart dieselbe Dimension, wie in dem Griin- 
zustande zuriickerlangt hat, trotz ihres 2-3 wd6chentlichen 
Autenthaltes im Wasser. 
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Kuromatsu (Pinus Thumbergit). 


Splint 


Kern 


Splint 
YY SS 


Kern 


m bedeutet die Mittelregion zwischen Splint und Kern. 


Hinoki (Chameocyparis obtusa). 


Splint 


Kern 


Splint 


Kern 
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Sawara (Chameocyparis pisifera). 


RoVeeql eve 
Splint 1.13 2.03 
I 

Kern 1.27 1.95 

eS I 
Splint 1.36 2.00 

I }—— | ANAK ji —__ c-_-_— 

Kern 1.67 1.95 
1.05 1.99 
II 1.05 erp 
1.16 2.14 
1.16 2.30 
Ii I.1I 2.28 
1.30 2.17 


Sugi (Cryptomeria japonica). 


AUR Ae RD) |asae, | 
Splint} 0.80 Wh Sp.| 0.78 1.49 Sp. 
Kern] 0.91 1.22 ma o272 1220) tor 
Splint 1.81 Kr.} 0.89 1.46 Kr, 
Kern : 1.20 Sp.} 0.50 1.64 Sp. 
Splint 4 2:04/9)\ 104 Sans] 20:55 reetey || OD) | sen 
Kern : 1.94 Kars O55 1.26 Kr, 
Sp 0.82 2.14 Sp 
il 102) —— 
Kr.} 0.80 1.98 Kr 
Sp. 
IV |— 


I 


II 


Splint 


Kern 


Splint 


Kern 
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Kurokashi (Quercus sesstlifolia). 


313 


0.84 


Zhvsioy |) JUL |) aoa) 0.88 Zeio) | || Al 
3.46 In. 1.04 2.83 
Au,| 1.22 3.48 

Ill Ill 
In. 0.95 3.17 

IV 


4.08 


3-19 


m 1.64 1.76 
In. 1.36 1.89 
Au.} 1.69 1.56 
Th. 1.46 1.62 
Au.] 1.02 1.89 
In. 0.65 1.52 


4.67 
2.85 
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Sakura (Prunus pseudocerasus). 


Splint 


Kern 1.47 


: PS Ne sc ad 1.99 
: | Splint 3-50 
Kern 2.79 
4.38 

4.06 


Uri-Kayede (Acer rufinerve). 


Wie man aus diesen Zahlen ersieht, bestatigt sich der 
Nordlinger’sche Satz, den man auch auf die Quellung aus- 
dehnen kénnte. Die Schwindungs- und Quellungsgrésse in’s 
besondere die tangentiale an einem Scheibendreieck sind fast 
ohne Ausnahme kleiner, als die sogenannte absolute. 

Was das Schwinden bei Vollscheiben anbelangt, springt 
die Thatsache in die Augen, dass die Schwindungsgr6sse in 
erster Linie davon abhangt, ob die Scheibe radial aufreisst 
oder nicht; dass die Schwindungsgrésse, falls die Scheibe 
nicht aufreisst, tangential und radial ziemlich denselben Werth 
zeigen, und wenn hingegen die Scheibe aufreisst, tangential und 
radial Werth hat, der der Schwindungsgrésse bei Seheiben- 
dreiecknahe gleich kommt, aber fast ohne Ausnahme kleiner 
ist, als die absolute. Die Schwindungsgrésse bei einer nicht 
aufgerissenen Vollscheibe kann radial diejenige bei einem 
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Scheibendreiecke, je die absolute itiberfliigeln; daftir wird die 
tangentiale Schwindungsgrésse der Vollscheibe bedeutend 
deprimirt, gleichsam als fande bei einer Vollscheibe, die nicht 
aufreisst, ein Ausgleich zwischen dem radialen und tangentia- 
len Schwinden statt, und zwar in dem Sinne, dass die Summe der 
radialen und tangentialen Schwindungsgrésse sogut fiir ein 
Scheibendreieck wie fiir eine Vollscheibe einer Constante 
gleich ist, was auch in der That roh angendhrt der Fall ist. 
Es kann somit als ausgemacht betrachtet werden, dass 
die Schwindungsgrésse von der Grodsse und Gestalt des Holz- 
stiicks abhangt, dass die Druckkrafte, welche ein Holzstiick 
beim Schwinden, oder Quellen deformiren, nicht bloss durch 
die Feuchtigkeit bestimmt werden, sondern auch durch die 
Grésse und Gestalt des Holzstiicks in Bezug auf die Mitte des 
Stammes, welchem es entnommen ist. Wir kénnen uns den 
Vorgang des Schwindens, oder Quellens, wie folgt, vorstellen. 
Jedes Element eines Holzstiicks zieht sich zusammen, oder 
dehnt sich aus, sobald seine Feuchtigkeit ab- oder zunimmt, 
und zwar mit einer Kraft, welche von der Strukturbeschaffen- 
heit der Holzzellen abhangig ist, und darum nicht nur im 
Splint und Kern, sondern auch in drei unterschiedlichen Rich- 
tungen longitudinal, radial und tangential verschieden sein 
diirfte. Indem die anderen Elemente sich zusammenziechen, 
oder ausdehnen, und dabei streben, im Massenzusammenhang 
zu bleiben, resultirt eine Druckkraft auf der Oberflache des in 
Rede stehenden Elementes, welche je mach der Ges- 
talt des Holzstiicks bald in demselben, bald im entgegen- 
gesetzten Sinne wirkt, wie die Druckkraft, welche in Folge 
dex Feuchtigkeitsinderung in dem Elemente wirkt, und es 
zusammenzudriicken, oder auszudehnen strebt. Die Druck- 
componenten, die in dem Elemente wirken, sind theils normal 
zur Oberflache des Elementes, theils tangential dazu, und 
bewirken dic Deformation des Elementes, und somit des ganzen 
Holzstiicks, als hatten Druckkrafte auf die Oberflache des- 
selben gewirkt, und so die Deformation des Elementes hervor- 
gerufen. Wir k6énnen uns somit an der Vorstellung fest- 
halten, dass jedes Element in einem Holzstiick, in dem date 
Feuchtigkett von Ort zu Ort vartirt, sich in einem 
Spannungszustand befindet, wie das Element eines elastischen 
Orpers, auf dessen Oberfliiche Druckkrifte wirken ; dass 
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wer ein Holzstick, das zum Schwinden oder Quellen gebracht 
wird, als einen elastischen Kérper betrachten diirfen, auf 
dessen Element Druckkriifte wirken, die es nach allen Seiten 
hin susammenszudriticken, oder auszudehnen streben, und swar 
mit einer Intensitét, die so wohl mit der Gestalt des Holz- 
stiicks, mit den Richtungen im Hlolzstiick, wie mit dem Ort des 
Elementes tn Bezug auf die Stammmitte vartirt. 

Indem wir die Bedingungen fiir das Gleichgewicht des 
Elementes eines solchen KG6rpers aufsuchen, wollen wir nicht 
von irgend einer Annahme iiber die Structur der Holzzelle 
ausgehen ; wir wollen uns nur mit der Annahme_ begniigen, 
dass ein Holztheilchen, dessen Verriickung und Deformation 
wir untersuchen, continuirlich mit Massentheilchen erfillt sei, 
welche mit der Fahigkeit begabt sind, Wasser zu verdampfen, 
respectiv aufzunehmen, und so sich zusammenzuziehen, res- 
pectiv auszudehnen. Wir denken uns in dem Holzstiick ein 
rechtwinkliges Coordinatensystem, und parallel seinen Axen 
ein unendlich kleines Parallelopipedon. Die Druckcompo- 
nenten, die auf dieses Parallelopipedon in Folge des Schwin- 
dens oder Quellens wirken, wirken theils normal, theils tan- 
gential. Es seien 


=Z, Z, = Ke ae, 


die Componenten der Druckkrafte, welche in Folge der 
Feuchtigkeitsabnahme- oder zunahme in dem Holzstiick auf 
das Parallelopipedon wirken, und daher von der Gestalt des 
Holzstiicks abhingen, und Functionen der Coordinaten sein 
sollen, welche die Lage des Parallelopipedons bestimmen. 

Es seien ferner 


NP ny 
SES GA. Wee 


y 


die Componenten der Druckkrafte, welche unter dem Zwang des 
Massenzusammenhanges die Deformation des nimlichen Paral- 
lelopipedons hervorrufen, d. h. die Componenten der Druck- 
krafte in dem Holzelemente bei gezwungenem Schwinden oder 
Quellen, welche wohl mit den elastischen Druckkraften des 
Holzes identificirt werden diirfen. Die Differenzen 
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LT tal ) & ! 
XG ene 2 ee Vea Lg Lig 
V yeh Gall SBE Zi FPS — el) Bee — PAP ee 
VV a tL nN ey — Ky — Va 
sind die Druckcomponenten, welche in jedem Holzelemente 
wirken, um sein Gleichgewicht herzustellen. Wir denken uns 
diese 12 Gréssen X, X, etc., und mithin auch YX,’ etc. als 
iiberall in der ganzen Ausdehnung der Holzmasse endlich und 
stetig und ein unendlich kleines Tetraeder in dem Parallelo- 
pipedon gelegt. Bezeichnen wir ferner mit 2 die Normale an 


der Tetraederflache, welche von den drei Coordinatenaxen 
durchsetzt wird, so sind 


X, Cos (wx) +X,' cos (zy) +X,’ cos (zz) 

Y,’ cos (zx) + Y,' cos (zy)+ Y.' cos (xz) 

Zz cos (zx) +Z,' cos (ny) +Z,' cos (nz) 
die Componenten der Druckkraft, welche auf diese Tetraeder- 
flache wirkt. Es sei do ein Element der Tetraederfliche, und 


dr ein Volumenelement des Tetraeders. Wenn wir das In- 
tegral 


| (X;' cos (wx) + X;/ cos (zy) +-X,' cos (xz)) do 


bilden, und uns dabei der Formel erinnern 


OV 


\ V cos (nx)do= — (sé at 


so kommt 


\ ee cos (wx) + X,' cos (ny) +X, cos (xz)) ao 


n— [GE BB) 


wo die Integration iiber die ganze Holzmasse auszudehnen 
ist. Insofern man aber die Grenzen der Integration in Folge 
der Méglichkeit, beliebig gestalteten Raum aus unendlich 
kleinen Tetraeder zusammenzusetzen, beliebig erweitern 
oder verengern kann, so miissen die unter dem Integralzei- 
chen stehenden Ausdriicke im Fall des Gleichgewichtes 
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uberall versehwinden, da kein dusserer Druck auf die Oberflache 
der Holzmasse einwirken soll. Man erhalt somit fir das 
Gleichgewicht eines Holzelementes 


eDe eh ere 


Ox e ce Of 
OY, | ao Cas 
Ais pa os pile (1) 


OZ One 
Beryl Sea 


und als Grenzbedingung 
X,,' COS (4) +X,’ cos (ny) +X,’ cos (zz) =O 
Y,' cos (zx) + Y,' cos (xy)+ VY,’ cos (wz)=0 
Z,' cos (vx)+Z,' cos (uy) +Z' cos (uz)=0 


Nun konnen die drei Cosinusse auf keine Weise gleichzeitig 
verschwinden, in Folge der Relation 


cos* (72) + cos? (zy) + cos" (zz)=1 


und die Determinante 
Ney eee 
ya! Y,' yi 
LENZ poate 
verschwindet im Aligemeinen nicht, wenn nicht je zwei Paral- 


lelreihen einander gleich werden. Es miissen daher an der 
Grenzflache 


XG =O iG Tiir=(3) 
Li Ve AG = ee oe 
Dieses entspricht dem Fall, wo das Gleichgewicht eines 
elastischen K6rpers gesucht wird, auf den keine dussere 
Kraft, auf dessen Oberflache kein dusserer Druck wirkt. In 
einem solchen Fall giebt es nur eine einzige Lésung der 
Gleichungen (1) ; sie ist 
= pe e | eee 
Au= 0 ao Zea 
Zp =Vi=0 | Xe =Z =O aX ee 
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die Bedingung fir das Gleichgewicht eines Holzelementes 
lautet demnach 


XG ie ie Vs ee Wi, (2) 
v= Z, MX Wes, 


Wir gelangen somit zu der Erkenntniss, dass ezz jedes Ele- 
ment der Holzmasse nur dann im Gletchgewicht ist, wenn der 
elastische Druck in thm gleich wird, dem Druck, welchen es 
von den anderen simmtichen Elementen des Holzsticks erletdet. 

Hat eine der Druckcomponenten solche Grdésse erreicht, 
dass sie die Festigkeit des Holzes in dieser Richtung iiber- 
schreitet, so muss die Holzmasse in dieser Richtung anfrei- 
ssen. 

Die Druckcomponenten X, etc. sind Functionen der De- 
formationen des Elementes 4 y z. Wenn wir die Verriickungs- 
componenten des Elementes ~ v w nennen, so erhalten wir 
under der Vorausselzung, dass zwei Punkte in dem Elemente, 
die einander unendlich nah _ geradlinig verbunden waren, 
immer unendlich nah geradlinig verbunden bleiben, als De- 
formationen dieses Elementes 


__ Ou ez __ Ow 
=~ Or Sy Oy ere 
ow oO Ou Ow Fe 
By = yet Bee t= +s 4 = eae 
oy z Os Oz i Oy Ox 


Indem wir diese 6 Gréssen als unendlich klein vorstellen 
k6nnen wir die Druckcomponenten A, etc. als lineare Func- 
tionen dieser 6 Argumente darstellen. Die Anzahl der 
Coefficienten ist im Allgemeinen 36. Wenn gleich es keine 
Schwierigkeit hat, die vorgenommene Rechnung mit dieser 
Coefficientenanzahl durchzufthren, wollen wir die Annahme 
machen, dass die Druckkrafte ein Potential P haben, und 
dass das Holz, so weit seine Masse in Betracht kommt, drei 
Symmetrieebenen darbietet, welche senkrecht auf einander 
durch die Stammmitte gehen. Dann hat man 


P= by x) + Oy) + 03327 + O\3(24,2,+42) 
+ by,(242y +4) + O3(2y,2,+y2 ) 
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indem wir die Z-Axe in die Linie der Stammmitte legen. 4, 
db, etc. die elastischen Coefficienten des Holzes sind aller 
Wahrscheinlichkeit nach mit der Lage des MHolzelementes 
veranderlich, schon wegen der Verschiedenheit der Feuchtig- 
keit im Splint und Kern. Wenn gleich die Rechnung auch 
bd, Od, etc. als Functionen von «yz durchgefthrt werden kann, 
sollen sie die Feuchtigkeit nicht enthalten, also reine Con- 
stanten des Holzstoffes, welche nur das Verhiltniss geben 
zwischen den Deformationen eines Holzelementes, und den 
Druckkraften, die sie hervorrufen. Ihre Anzahl reducirt sich 
noch weiter, wenn wir uns die Structur der Holzmasse rundum 
die Z-Axe symmetrisch denken, dass P’denselben Werth 
erhalt, wie die Axen «x und y um die in der Stammmitte 
festgelegte ZAxe gedreht werden mégen. Wir fihren ein 
nenes Coordinatensystem ein, das so definirt ist 


r=2'a-y'B a=cos7 f=sinz 
yoa'Btyla att fai 


/ 


ae 
O— 8 


Es ist zunachst 


w= 
Setzt man 
ave) mOD: , ow’ 
spafes =~; pha 
2 Om Oe Oz" 
, oul Oov' je (OW. zw WOU in en 


so erhalt man 


Ge +9, P —7,'aB 
Jy = Ed ty +9, P + 72'aB 
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321 
Es ist nun 
Ye CI Chon Ce Cin, G2 OF iE OLN OZ, 
eae On, * CY, Oia COZ eZ Or) Ore 
a Qe Cp | Qe Crx 
Oy, Op,” oz, OF, 
und dabei 
Che, op CVn va ez Cyeum Ce 
BE Aye ere ae Calin Cela 
OXy OV ag 
On Mor Hie 
so folgt 


X,'=X,07 + V,6?+2Y,ap8 
Auf dieselbe Weise findet man 
Y,/=X,f6?+ Y,e’—2apV, 
Z,=Z, 
AX, =(V,—X,)aB+ X,(a’ — p?) 
VYj/=—X,8 + Va 
Zig =X | Vf 
Indem wir , etc. bilden, und die Ausdriick (3) einfihren, 
erhalten wir 
Xe: av 
= =4,'(a*by + Box + 6a" Bb ,) 
+94 (a6? (31, + 8x) + (at + Bo.» ss 40° br, ) 


+ 2,'(a?Oy3 + fb) + 9a(2bule?— [o5 )-—a' (by — b») Jap 
V,/ 


E56 fs + bu)+(a-+ B')b.— 407 f'n) 
$9y!(B'Ou + an, + 608%.) 
+ 21/(B°yy-+.02%,) 
+e (On — bu) — f(b On) —2 (0 f)bu)ap 
EE = 2e4!(Cby, + Bb) + y4/( Bb + 0b.) 
+ 2! (bay —bys) + bxyer! 
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[oS) 
N 
No 


ZL, ; , "2 2 
i = AB x,'(b23— 043) + Zy'(a?b23+ B'd,3) 


= x,'(A70,3+ Pb.) + 2,'AB(b23— 8,3) 

x. (6 bx — 0, + ba? — 6) +25,,(? — 7? )) 
~~ apy, ( aba — Pb, + d,(’ — a’) — 26a" — 6')) 
+ aBz,'(b— dy) 


+9a!(°B(Ou— du) +0 Bb bx) + ula? — f°?) 


<= 


Nun soll der Koérper so gebaut sein, dass die Druckcomponen- 
ten véllig unabhangig von dem Winkel y sind, so dass sie nach 
wie vor von der Form sind 
x / 
4 uy] o o ! 
= onee! + dy, + b,32,/ = byt, + bnyy' +032, 
i} 


Le , , ' 
aS Dy34q| + O23 Ny’ + b332- 


i VY! Z ; 
a =O Yq ae Oo3Zy, >= Oy, 


so miissen die folgenden 11 Gleichungen erfiillt werden 


aby, + Bb. + 661,07 B= dy, 

@ (by, + bx9) + by, (at + 6!) — 40,07 B? = dy 

ab; + B'b25 = Oy, 

B?(b— by) — (by, — Oy) + 26,,(0? — B’) = 

fb + 8d + 60,00 B? = bo, 

£0134 07by3 = b13 

— $?(b,— 8) + A?(b..— 8) —26,,(a— PB?) =0 

b,,—6y,;=0 

Pb» —AaC?by + bya’ — P? 4: 2b let —f)=o 

by» — Pb, — b,,(a? — B?) —2b,fa?— PB’) =0 

a’ B?(b— by) + 0 B'(by — by) + O(a? — BP =d 2 
Man befriedigt diese 11 Gleichungen mit Riicksicht auf die 
Relation a°+ f?=1 durch die Annahme 
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b3= brs by = by = 30.2 


Somit erhalten wir fiir Holz, in so weit als die Z-Axe in der 
Stammmitte fixirt und das Holz rings um diese Axe voll- 
kommen symmetrisch gebaut ist, 


P= 30 (%e +I) + Oe 2%2y + Ix) 
+ By3(a t+ 2,7 +24 ,22+ 2Vy5-) + O3332 
ganz wie fir einen Krystall aus dem hexagonalen System. 
Wir wollen jetzt gewisse Gréssen statt der Verriickungs 
componenten «vw einfiihren. Es seien 4 yz die Coordina- 
ten eines Punktes bei der Feuchtigkeit 7. Indem F sich 
verandert, erleidet der Punkt eine Verriickung, deren Compo- 
nenten 
u=xr'—x v=y'—y W=2'—zZ. 
Wir fihren die Cylindercoordinaten 
COS. @) Y=r sin p ime 
ein, und setzen fest, dass 
x! =(r+p) cos (p+09) 
y'=(r+p) sin (p+de) 


Indem wir uns die Verriickung des Punktes unendlich klein 
denken, kénnen wir schreiben 


w=p cos p—Op(p+r) sin p 
v=psin p+0— (p+r) cos p 


p ist nichts anderes, als die radiale Verriickung des Punktes 
unb 0g(o+r) nichts anderes, als die tangentiale Verriickung. 
Wir setzen 


Op(ptr)=t 


Ou ov 


und bilden BE OF 


etc. Es ist 


Qu_Qudr , Quy Bv_udr, v 29 
OL NM OLOL VO @iOx Oy Oroy' Op oy 
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da aber 
Op__ sing OP_cosP Gas Onan 
ist 
Ou Ou ae Ou sin @ 
Ox Or ZO Op +r 
Ov ov Ov cos@p 


Oy or sin Pp + Op 7 


Indem wir hierin setzen 
w= COS p—*' Sin P 
v=psin P+<¢ cos Pp 
erhalten wir 


Op , sin’'p 


Zp =COS'P ae ar E ee 


“P (04-55) —sin pm cos (= 4 ieee 
Op Or rap F 


Op SF (p+ Ot Ot 100 3% 
By =Si PS, tT v ee Sa) +sin p cos 9 (+ ae 


Auf ganz dieselbe Weise erhalten wir weiter 

sonsen peor Se-f-!25)4 corpse 4! 8-8 
te i 

nn (Seca atiame 


Die Functionen 


die hier charakteristisch auftreten, haben mechanische Bedeu- 
tung, wie x, y, etc, sie bestimmen die Deformation eines aus 
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: : I Onis 
adr, rdp, az construirten Elementes, op und (+55) sind 


Or ie 
die radiale und tangentiale Schwindungs- oder Quellungsgrésse 
: i Cant Mee. ie : 
in dem Punkt o , t, die Grésse —+— =45 —— bestimmt 
ea or ar FOC 7 


den Winkel zwischen den Seiten dr und rd, die Grosse 


a - den Winkel zwischen dz and dr, und die Grosse 


Of, gie 
tT. OW Beet : : 
Ds PES schliesslich den Winkel zwischen dz und rd@. 
Wenn wir die oben stehenden Gleichungen nach Se etc. 
auflésen, so finden wir 
op 2 So ec 
Ag te 08 Pty, sin-p+sin Pp cos pr, 
I Os 5 ; : 
= pts) sin’p+y, Cos*p—sin Pp Cos Pr, (2a) 
= - sh Fas, (cos*p—sin*p)—2 sin pcos p(r,—Jy) 
oes cos P+y-, sin P 
Or, Ow 


Beye COS P—Z, SiN P 


Bezeichnat man die Volumendilatation mit ¢, so hat man 


Gite ow. Op. L(p+ a 


Ox Oy! Os Or r\0* Op)” Oz 


Es seien Rk, D, Z, R, O, die Druckcomponenten im System 
der Cylindercoordinaten. Da nun X,, Y, Z, etc. lineare func- 
tionen von +, y, etc sind, kénnen wir setzen 


R,=X, cos’*p+ Y, sin’pt+sin p cos pX, 
0,=X,sin’pt+ V, cos*p—sin pcos pX, 

Liga Ze 

R,=X, (cos*p—sin’p)—2 sin p cos p(X,—J’,) 
Z,=A,=Z, cos p+ Y, sin p 

0,=Y,cos p—Z, sin Pp 
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Es handelt sich jetzt darum, die Functionen XX, Y, etc. darzu- 
stellen, und zwar in ihrer Abhangigkeit von der gegebenen 
Gestalt des MHolzstiicks, indem wir annehmen, dass die 
Druckcomponenten, mit denen jedes Element sich zusammen- 
zieht, oder ausdehnt, gegeben seien. Es sei R die Druck- 
componente in radialer Richtung, @ diejenige in tangentialer 
Richtung, und Z diejenige in longitudinaler Richtnng. Hin- 
sichtlich der Natur der zu bildenden Functionen schicken wir 
Folgendes als Bedingung voraus. Da das Holzstiick als 
Ganzes keine Verriickung erleidet, so muss es einen Punkt in 
dem Holzstiick geben, dessen Dilatation verschwindet, d. h. 
einen Punkt, in dem die Druckcomponenten gleichzeitig ver- 
schwinden. Demgemiss miissen R, 0, Z. so gebildet werden, 
dass sie in drei Flichen verschwinden, welche in dem 
Holzstiick liegen, und einander.senkrecht schneiden. Es sind 
dies die Bedingungen dafiir, dass das Holzstiick als Ganzes- 
weder radial, noch tangential, noch longitudinal verriickt 
wird, indem es schwindet oder quillt. Wir fassen zuniachst 


¢ $9M) » 


ein Holzstiick in’s Auge, welches die Stammmitte nicht enthalt, 
[fig (1)] und denken uns durch den Punkt A, dessen Lage in 
Bezug auf die Stammmitte durch * g z bestimmt ist, einen 
Kreiscylinder mit dem Radius 7 gelegt. Das Integral 


| \ Rrdpaz 


ausgedehnt iiber die Cylinderflache, so weit sie in dem Holz- 
stiick liegt, ist die Summe der Druckkrafte entlang der Cylinder- 
flache, welche jeden Punkt dieser Cylinderflache radial zu 
verschieben streben. Wenn wir das Integral 
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| | i a 


einmal tiber den Theil des Holzstiicks bilden, der innerhalb 
der Cylinderfliche r=const liegt, und das andere Mal iiber 
den Theil, der ausserhalb der Cylinderflaiche liegt, so er- 
halten wir Druckkrafte, welche die durch die Cylinderflache 
geschiedenen Theile des Holzstiicks in entgegengesetzter Rich- 
tung auf diese Cylinderflache ausiiben. Bezeichnet man den 
kleinsten und gréssten Werth von ¢ in dem _ Holzstiick mit 
7, und 7%, so ist 


Yr r 


| \ \ Rrdpas |e- | i \ { Remade t 4 


US r 


die Druckkraft, welche das Holzstiick in der Cylinderfliche 
y=const aufzureissen strebt, und auf diese radial wirkt. Divi- 
diert man diesen Ausdruck mit dem Volumen des Holzstiicks 


We \ | \ rardpaz 


-so erhalt man die Druckkraft pro Flacheneinheit, und man 
darf wohl annehmen, dass 


To 1B 


R=>( | | \ | Rrdquas |e- i | | ads ler) 


Vs oe 


Ich bemerke hierbei, dass diese Annahme uns zwingt, der 
Function R, Eigenschaften zuzuschreiben, welche naherer ex- 
perimenteller Begriindung bediirfen. &, ist zunachst in der 
dargestellten Form eine Function von ¢ allein, und versch- 
windet bei einem gewissen Werth von 7; in dem Holzstiick 
mtisste eine gewisse cylindersche Flache existieren, in der 
jeder Punkt von beiden Seiten der Fliche her denselben radia- 
len Druck in entgegengesetzter Richtung erleidet und darum 
keine Verriickung in radialer Richtung zeigt. Ferner wirken 
in den Punkten r=7, und r=7, entgegengesetzte Druckkriifte, 
welche absolut genommen von gleichen Intensitit sind. Ist 
darum & positiv d. h. quillt das Holzstiick, so ist R, positiv 
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ausselhalb der cylindrischen Flache, in der &, verschwindet, 
und negativ innerhalb derselben ; der dem Herz fernere Theil 
des Holzstiicks entfernt sich von dem Herz, wiahrend der 
nahere Theil sich demselben nahert. Das sind Eigenschaften 
der Function &,, welche vielleicht in der Wirklichkeit bestatigt 
werden. 

Wir denken uns von der Stammmitte aus durch den 
Punkt A eine Ebene m=const gelegt. Das Integral 


\ | @aras 


ausgedehnt tiber diese Ebene, so weit sie in dem Holzstiick 
liegt, ist nichts anderes, als die Summe der Druckkrafte, welche 
in tangentialer Richtung auf diese Ebene wirken. Bildet man 


[Jor fu 


einmal tber den Theil des Holzstiicks, der auf einer Seite der 
Ebene g=const. liegt, und das andere Mal iiber den Theil, 
der auf der anderen Seit der Ebene liegt; bezeichnet man 
ferner den gréssten und kleinsten Werth von gin dem 
Holzstiick mit gm, und g, so ist 


das Integral 


iD PP» 
| | | Dardz| rap -| | | Odrdz| rap 
P, oD 


die Druckkraft, welche auf die Ebene g=const normal wirkt, 
and das Holzstiick in dieser Ebene d. h. tangential aufzureis- 
sen strebt. Man kann dann setzen 


—P 7D 


ao (|[ [lone] ren-| [[fadre:|ren) (20 


L 


Ganz dieselbe Uberlegung ftihrt zu dem Ausdruck 


Z= 7 ( l | \ | Zrdrdp |e: -\| \ \ Zrardp |e) 


wo 2%, 2 den kleinsten und gréssten Werth von z in dem 
Holzstiick bedeutet. 
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Diese Annahme tiber die Natur der Druckcomponenten 
Vy und Zi: fuhrt zu denselben Consequenzen, wie bei der Com- 
ponente &,, welche noch durch Versuche gepriift werden miissen. 
@, ist eine Function von g allein, und 7. eine von = allein; 
es giebt zwei senkrechte Ebenen, in denen jeder Punkt 
keine Verriickung in tangentialer respectiv longitudinaler Rich- 
tung erleidet, und durch welche hindurch Y% und Z, ihr 
Vorzeichen andern. 

Wenn das Holzstiick die Stammmitte enthilt, [fig (2)], so gilt 
Z, in unveriinderter Form, wahrend 2, und Dy sich in etwas 
verandern. In diesem Fall ist der kleinste Werth von + in 


dem Ausdruck fiir 2, Null; in der Stammmitte miisste von 
allen Seiten ker die Druckkraft wirken, deren Intensitat 
V9 
= -+| | \J Rradpdz |e 
Oo 
ist. Soll die Stammmitte keinerlei Verriickung erleiden, so 
muss 2, fiir y=0 verschwinden d. h. 


Me 


eae ({) {| Ragas |e + | | | EE |e 
a | | | Rraqas |-r) 


Te 
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oder da 


ist, 


RnB (| [ farende Jar 
0 


Die Druckkraft, welche auf die Ebene g=const. normal wirken, 


ist nach wie vor 
\ | Ddrdz 


Der Werth dieses Integrals ist veranderlich mit g, und 
zwar so, dass je grésser der Qnerschnitt des Holzstiicks durch 
die Ebene g=const, desto grésser der Werth des Integrals 
ist. Ist @ positiv, d. h. quillt das Holzstiick, so miisste jeder 
Punkt in dem kleineren Querschnitt Compression erleiden 
durch jeden Punkt im grésseren Querschnitt, so dass jedes 
Element in dem kleineren Querschnitte scheinbar schwindet. 
Um einen Ausdruck hierfiir zu erhalten, setzen wir statt p 


p+¢ und bilden 
\ \ | Ward | ras 
pty 


0 


Es ist die Druckkraft, welche von dem schattirten Theil des 
Holzstiicks her auf die Ebene g=const einwirkt. Das Integral 


7 
= \ \j Olea) rag 
Y-@ 


0 


ist dem entsprechend die Druckkraft, welche von dem nicht 
schattirten Theil her auf dieselbe Ebene wirkt. Die Differenz 


| | { | Dard: | ra E— { | \ | Dard: | ray 
F V+Q - v-@ 
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ist die Druckkraft, welche das Holzstuck in der Ebene g=const 
aufzureissen, und die Ebene m+z zu comprimiren strebt. Die 
Druckkraft welche die Ebene +7 aufzureissen, und die Ebene 
gp=const zu comprimiren strebt, ist dagegen 


| | \| Odrd:| rad — | | \| Dard:| rad 
0 Y+a+@Q = é Y-xz-@ 


Die Druckkraft, welche in der That auf die Ebene w=const 
wirkt, und jeden Punkt derselben tangential verschiebt, muss 


darum von der Form sein 


\ ( \ | Dard] -| \ \ Odrds| ) rad 
F V+Q v-@ 


-| ( \ | Ddrde| -| | \ drd:| \ VC ib 
Y+a4+Q vtn+p/ 


0 


Man kann dann setzen 


4 


hie. t 
M%=Z | ( | \ | @iras| | [eure] ) ray 
0” (2c) 


ua 


— | ( | \ \ Dards| = | | | Dards| ) rad 
: Y+n+@ Y-2-— 


In diesem Fall giebt es keine Ebene mehr, in der jeder Punkt 
keinen einseitigen tangentialen Druck erleidet, wenn gleich 
P, nach wie vor eine Function von @ allein ist. ?, versch- 
windet dagegen, wenn @ von gy unabhingig d. h. das Holz 
symmetrisch um die Stammmitte, und das Holzstiick eine 
Kreisscheibe von constanten Dicke ist, oder, wenn @ mit 
wachsendem 7 sein Vorzeichen so andert, dass jedes Glied in 
dem Ausdruck %, verschwindet, was eintreten kann, wenn 
eine Vollscheibe eine starke Rinde hat, welche gar nicht quillt 
oder schwindet. In der Ebene p+ wirkt eine Druckkraft, 
welche bei derselben Intensitat in entgegengesetzter Richtung 
wirkt, wie diejeinge in der Ebene g=const., da ja 
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| | | eara:| ray =| \ ard: ray 
Y+2A+Q aC 

| \ | earas| ray =| | | ares] rag 

£ Y-21-D v-—P 


ist. Ist daher @ negativ d. h. schwindet das Holzstiick, so 
wirkt in dem kleineren Querschnitt eine Druckkraft von der- 
selben Intensitat, wie im gr6ésseren Querschnitt aber aufreis- 
send ; das Holzstiick miisste mit Vorliebe im kleinsten Quer- 
schnitt radial aufreissen; eine Schlussfolgerung, welche in 
der That oft bei in Bezug auf das Herz exentrisch bearbeite- 
ten Holzstiicken beobachtet wird. 

So sind die normalen Druckcomponenten R, 0, Z wees 


timmt, wenn R @ Z bekannt sind. Was die tangierenden 
Druckcomponenten Ry O, Z, anbelangt, hangen diese von 
R @® Z und von der Gestalt des Holzstiicks auf eine gewisse 
Weise ab. Die Bedingungen fiir das Gleichgewicht eines Holz- 


elementes im System der Cylindercoordinaten sind 
R= Re, — Oe pie 


Die drei ersteren Gleichungen bestimmen g + w vollstandig, 
bis auf drei willkiirliche Functionen, welche je zwei von den 
drei Variabeln + gp «z enthalten. Da indessen, die Verriic- 
kungscomponenten o 7 w mit den Druckcomponenten R, Dy Zp 
gleichzeitig verschwinden miissen, so folgt, dass die drei 
willkirliche Functionen =o zu setzen sind, da sonst die Ver- 
riickungscomponenten nicht verschwinden wiirden, wenn auch 
die Druckcomponenten, die sie hervorbringen, verschwinden. 
Die Functionen Re @, Z, kénnen dann nicht willkiirlich gege- 
ben sein, da die linker Hand stehenden Grdéssen der letzten 
drei Gleichungen lediglich durch die Differentiation der Func- 
tionen p t w abgeleitet werden kénnen. Es bleibt denn 
nichts iibrig, als anzunehmen, dass die tangentialen Druck- 
componenten Ry @. Z. im Fall des Gleichgewichtes iiberall 
die Werthe erhalten, welche entstehen, wenn wir in die drei 
letzteren der oben stehenden Gleichgewichtsbedigungen die 
durch die drei ersteren bestimmbaren Functionswerthe fiir 
e t w einfihren. 
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Die Functionen Y, ws, Z. lassen sich, wie folgt, ableiten 
Es ist 
R,=X, cos’ p+ Y, sin? p+sin yp cos p X, 
Da vermége der Gleichgewichtsbedingungen R,=R, X,=-X, 


B= — 7, ist, so-muss 


R,=X, co’p + Y, sin’-p+sing cos px, 
sein. Aus demselben Grund miussen 


P,—X, sin’p + Y, sin’p—sin p cospX, 
Ry=%,=X,(cos*p—sin’p) —2 sin p cos p (.X,— V,) 


Z,=R,=Z, CoS P+ VY, sin 9 
0,=Z7,=Y, cos p—Z, sin P 
Hieraus findet man 
7 Gm 
ie 
X,=2 sin pcos P(R,— Dy) + (co*p—sin’~p)Rg 


R,. cos’ p+ Dg sin’p —sin p cos p Rg 
p 
XY, 


.sinrp+ Dg co’p+sin pcos Pp Ry 


Z,=R,cos p — VY, sin Pp 
Y,=R, sin p+ @, cos P 
Wenn wir in die rechte Seite cintiihren 


Wi 


Days 2 aac ib : 
=X seis COS OFS Sh ole SSS 
ety £P } Pp VEG 


x V x49" 
so sind die simmtlichen Druckcomponenten im System der 
rechtwinkelingen Coordinaten + y « bestimmt. 

Wir betrachten zunichst Schwinden oder Quellen eines 
Holzstiicks im System der rechtwinkeligen Coordinaten, indem 
wir keinerlei Annahmen iiber die Functionen Y, etc. machen, 
sondern sie uns nur vorstellen, als Functionen von 4 y gz, 
welche mit wachsendem Werth von + und y im Allgemeinen 
wachsen d. h. je weiter das Holzelement, das wir betrachten, 
sich von dem Herz entfernt. 


Die Gleichgewichtsbedingung (2) ergiebt 
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Ae iy at + by! =X, 
base + Busse bee = Ze 
bBo. baler 


Ow Ou > 
bs(So+ 5) == Ly 


Setzt man 


und weiter 


A a by» Ds is ery by Oy; 
"A | bs dys "AY ba By: 
7 tb 2 

"A bsg Bag 
4h I by: bes i aly On bs, 
SAN Ziece "A | bis bss 
I Oy, Os, 
CS —— 
Ady dbs 
y I By» by I by; bys 
re ayn => 
ANON Os © Alby bn 
y Laas by by 
EN AGae 


dann erhalt man die Gleichungen 
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ta Xt Q, Y% sr Osea 
=AyX,+an Ve + A3Z, (4) 
Ow + 5 


Keine der g Constanten verschwindet, wenn wir auch die 
Struktur des Holzes vollkommen symmetrisch in Bezug auf 
die Z-Axe annehmen, und setzen 


bx, = bys by = by = 3012 
Unter diesem Umstand wird 


A=44,2(20 203 — b,3) 


was nur eine positive endlich Grésse sein kann, insofern, als 
die longitudinale Dilatation eine sehr kleine ist und 20, daher 
eine sehr grosse Zahl sein muss. Es werden ferner 


I ty I ‘ 
CATES (301233 — 843") a2 = i (413 — b33 9.) 
Ayg=— (By byy— 0,2) 
=H A212 22s L 
I es I ; 
ay = = At (J. b33— 3) CL ey (342 bs3 — 0,3") 
3 in dys by, 


2 2 
Ax, = —— b,3 Oye Ca Oy3 Oy, 


A < 

(oh aie 

OR by 
Wir wollen indessen eine solche Struktursymmetrie nicht 
annehmen, sondern nur, dass die 9 Constanten ausreichen, 
Schwinden und Quellen darzustellen und die Gleichungen (4) 

auf einige specielle Falle anwenden. 
Wir fassen eine unendlich diinne Platte in s’Auge, welche 
parallel der z x Ebene aus dem Stamm geschnitten sein 

mége und zwar in der Sehne. Fiir eine solche Platte ist 
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wan | X, — dztay| Z, de 


v=an| Xd tan | 5 V,, dy + a |Z dy 


w=an | X, a V,dstas |Z. ds 


Willkiirliche Functionen, die hier eigentlich auftreten, sind=o 
zu setzen, weil wv w mit XY, Y, Z, gleichzeitig verschwinden 


miissen. Da nun in einer solchen Sehnenplatte Y, als constant 
in Bezug auf y angesehen werden kann, so folgt 


way |X, dr+au| Vartan | Zax 
V=(Ay xX, tay Y, + Q23 Z,) L 
W = As | Xe dz +axs\ ye, Ls + Ass \ Z, dz 


Insofern wir uns die Functionen X, Y, Z, im Allgemeinen als 
zunehmend mit wachsendem 4 (d.h. vom Kern nach dem 
Splint) zu denken haben, so sieht man, dass die Sehnenplatte 
sich aus der 2 z Ebene heraus kriimmt, und so zwar concav 
segen dieselbe, wenn @y a; negativ, und oe Vs Zi positiv 
sind., d. h. die Platte quillt. Mit der Spiegelplatte verhalt es 
sich anderes. Bei einer solchen kénnen wir uns X, Y, Z, 
als symmetrische Functionen in Bezug auf y denken. Es 
lasst sich dann immer eine Fliache finden, in Bezug auf 
welche 


ree, Gl, Im 


sobald die Platte symmetrisch auf die Stammmitte ausgear- 
beitet ist. Eine Spiegelplatte wirft sich nicht. 

Haben wir einen longitudinalen Stab entnommen ausser- 
halb der Stammmitte, so haben wir noch X, VY, Z, als con- 
stant in Bezug auf + zunehmen, so dass 
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w=(Aq X,,+ V2 Vbp ap Y3 Zi A 
Uv = (a XG TF Az AF 5 23 VE NGY 


WW = A) | X,, a. + Ary | MG a,+ as | Za de 


Die Stab kriimmt sich aus der xz und zy Ebene heraus. 

Fiir einen longitudinalen der Stammmitte entnommenen 
Stab ist Z, symmetrisch in Bezug auf x und y. Sobald der 
Stab symmetrisch in Bezug auf die Stammmitte ausgear- 
beit ist, so laisst sich eine Linie finden, in Bezug auf welche 


\Z Wc= \ Za ay=oO 


ne, Gly, lot. 


“z=V=O 


der Stab kriimmt sich gar nicht; er schwindet oder quillt nur 
longitudinal. 

Ist der Stab dadurch entstanden, dass man eine Sehnen- 
oder Spiegelplatte senkrecht zur  longitudinalen Richtung 
zersagt, so dass z sich zwischen kleinen Grenzen bewegt, dann 


kann'man Z, XY, Y, als constant in Bezug auf ¢ annehmen. 
Man hat somit 


Ma On \ oe. ax+ an Y, ax+ au | Z, da 
V=(p X,+ ay Y + 23 ZI 
W= (ay X,, + ay Ve + 3 Zz) a 


Der Stab kriimmt sich aus der sx und xy Ebene heraus, da 
in diesem Fall XY, Y, Z, Functionen von + allein sind. Da der 
Anfangspunkt des Coordinatensystems entlang der Linie der 
Stammmitte beliebig verschoben werden kann, so kann eine 
Linie gefunden werden, entlang der 


| Rae = \ Y,dz — | Za: =@6 


Ein solcher Stab kriimmt sich nur in der ry Ebene. 
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Ist der Stab einer Spiegelplatte entnommen, so dass eine 
Linie gefunden werden kann, entlang der 


| ay = | V,ay = | Z,dy =O 


ist, so krimmt sich der Stab gar nicht; er schwindet oder 
quillt in dieser Linie nur radial. 

Wir fassen jetzt eine Hirnscheibe in’s Auge.-Um eine 
solche zu untersuchen, ist es zweckmiassig die Gleichung (4) 
in Cylindercoordinaten umzusetzen. Wir setzen zu dem Ende 
hypothetisch 


Or ' Op Oz 


und untersuchen, wann die Druckcomponenten im System der 
Cylindercoordinaten in dieser Form dargestellt werden kann. 
Wir setzen 


Q=Cos p B=sin p 
Reel Za om =F apx, 
Dn=X,f' + Yo?—apX, 


und fiihren die Ausdriicke in (2a) ein. Man had dann mit 
Riicksicht auf die Beziehung a’?+f?=1 


OO (Cte + Cn Py £6is2_) + BCX eu Vy Gree) 

+ alc —Cu)ty= Xo? + V, f+ aBX, 
OO (Cn Hint Con Py + Cxx%2) + (6x1 Wy + Cr2¥ x + C2322) 

— AB (C2—Cn)ty = AGP + Vial —apX, 
4 q( OPCs, + BCs) + y( Ben + OPC) + AB (Cs — C2) Xy 

+-C2,= Z,=bay tn + bs 7+ Omee 


Die beiden ersteren Gleichungen werden erfullt durch 
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Xp = Oy, tly Vy + 013% 2 = CV x t+ On Vy 1 0372 
Vy =C2% 2+ Ou Vy t+ 613%2= Cats t Cx Vy + C2572 
X= (C= O12) ¥y = (Cx Cn) ¥y 
was zur Folge hat 
O11 = C22 C1 = C12 C13 = C23 
11 — ©12 = C22 -— €21 


Wenn der Ausdruck X,=(¢)—¢2)%, mit X,=dp,r, zusammen- 
fallen, und ¢,)=¢»=0,=0y sein soll, so muss 


C2 = 205 


2 


sein. 
Die dritte Gleichung wird erfillt, indem wir setzen 


C31 = C32 


Man sieht somit, dass ¢ mit den Coefficienten @ identificirt und 
die Druckcomponenten im System der Cylindercoordinaten in 
der oben angegebenen Form dargestellt werden kénnen, so- 
bald wir annehmen, dass die Structur des Holzes um die Z- 
Axe symmetrisch sei. Wir wollen diese Annahme machen 
und setzen als Bedingungen des Gleichgewichtes 


Op 4 201 OT Ow 
R, = brs b+ AH tse) + Ouse 

Op 4 bn OT Ow 
D, = bya + “8 0+-55) + O55 


2,5 baa at 8 » an a, ar Oss 


Man hat weiter 


a AR, +a2D_+ AnZ. 


rf 


i OG as as is 
rae a5 =) = AK, 4 AyPgt a3Z, 


ie) 


(22) — — — 
OF = ak, + Ws Vo ot Ax, » 
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Wo 
: I bx» be: I bo, O33 I 2by bs 
CA are a2 = a43>= 
A | bn3 bsg A | 2b ds, A | bx bs, 
I by; beg I by bs t | 2012 O32 
“y= > Ay = 2n3,= = 
A | 201 ds A | dys O33 me’ by bx 
Ss I 2012 Ox I d3 bog I by 20y 
=a a2, = = a3= > 
A | dy bs A | by 2b. A | 202 bx 
und 


by 20, b13 
A= | 2b by des 
Ontiesn Og 


Auf ganz dieselbe Weise findet man weiter mit Ricksicht auf 
die Beziehungen ¢y—¢y,=¢€y,—¢y=20. und 4 3=dy5 


Cnr oatles I 


Gal BAO aie 
Op ead sale Gy Cs 
Oe Or “by | OR Fog ba 


Wir betrachten jetzt eine unendlich diinne Hirnscheibe, 
deren Dicke so klein sein mag, dass Z, in Bezug auf z als 
constant angesehen werden kann. Wir haben dann fir diesen 


Fall 


P=aQy \ R,dr + Qh» \ @,ar + 43 \ Zar 


G— Ca \R.o + Ayr \ Dap + asr| ZAP — 


i (ay FR, + @39 Dy + AgZ,)S 


wo zs die Dicke der Scheibe bedeutet. _ Da wir uns die Func- 
tion &, als zunehmend mit .wachsenden 7 denken miissen, so 
muss eine solche Scheibe, falls a, nicht verschwindend klein 
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ist, die Form eines Kegels annehmen, wie’ man es in der 
That bei der diinnen Hirnscheibe einer im Splint stark 
schwindenden Holzart beobachtet.* Ist die Scheibendicke 


endlich, so dass 7, mit % variirt, so kann eine Flache gefunden 
werden, in Bezug auf welche 


| Zedi—@ 


ist. Wenn diese Flaiche eine Ebene ist, so wirft sich die 
Scheibe gar nicht; die Hirnflache der Scheibe kriimmt sich um 
die Grésse 


ot aii ' 


W = @31 \ R,di+ ax, | Fue: + Qs3 | Vide 
oO Oo 


ce) 


wo 2’ die eine Hirnflache giebt. 
Wir setzen zur Abkiirzung 


aR ,.+ aD, + eno LY, 
anR,+ an Vy+ axZ,= Py 
a3,R,.+ A>» Vo sa they fe P, 


Y, ist die radiale Schwindungs-oder Quellungsgrésse, Y, die 
tangentiale, und ¥Y; endlich die longitudinale. Es ist dann 


CWO wha I OF if 
Sen Aetag)=® 


Wenn wir die unendlich kleine Verinderung des Winkelele- 
mentes dm mit df bezeichnen und setzen, 


(7+ p)db =dt 


so erhalt man 


fi 
pte = = 70, p=r¥,— \ V dr 


* Nordlinger: Die technischen Eigenschaften der Holzer pag. 289. 
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adh 
dp 


rot (pare (142) 
A r 
Da # die Veranderung der Winkels g in Folge des Schwin- 
dens oder Quellens durchaus mit gm wachsen muss, and da 
ferner Y, ¥, o & im Fall des Schwindens gleichzeilig ihr Vor- 
zeichen andern, so sieht man, dass so wohl beim Schwinden, 
als Quellen im Allgemeinen 


Hes | dr 


sein muss, d. h., dass die tangentiale Schwindungs,- oder 
Quellingsgroésse tm Allgemeinen grosser sein muss, als dadte 
vadtale, wenn wir, wie bei den Messungen der Schwindungs- 
oder Quellungsegr6ésse iiblich, unter der radialen Schwindungs- 


an . 2 
oder Quellungsgrésse den Quotienten £ verstehen. 


Haben wir ein Scheibendreieck vom Winkel @, so haben 
wir fir die Veranderung der Winkels @ 


Pid I C { Ldpdr 
(1+4 { Yar) 


Wenn wir diese Gleichung auf eine Vollscheibe anwenden, so 


: du . : 
erhalten wir unter der Voraussetzung, dass Tp? nirgends end- 
€ 


lich wird, d. h. die Vollscheibe nirgends radial aufreisst 


i‘ Y,—+| Vydr) 


SOE IO) =O 
(144) %ar) ¢ \ ) h( ) 


0 


da die Bogenlange eines mit dem Radius Eins beschriebenen 
Kreises auf keine Weise von dem Werth 27 abweichen kann. 
Diese Gleichung ist die Bedingung daftir, dass die Vollscheibe 
nirgends radial aufreisst, und setzt eine gewisse Vertheilung 
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der Druckcomponenten &, etc. voraus. Wenn wir die Annahme 
: - yeah 
machen, dass %, und ¥Y, so von m abhingen, dass ,——| Vyde 


das Vorzeichen nicht wechselt, wahrend g von o bis 27 zu- 
nimmt, dann erhalten wir 


Oo 
Liha = ( 
|[har= 5) 
d. h., wenn eine Vollschetbe schwinden oder quellen soll, ohne 
radial aufzurcissen, so muss die tangentiale Schwindungs- oder 
Quellungsgriésse gleich sein der radtalen. Diese Bedingung 
lehrt uns kennen, wie die Druckcomponenten &, etc. durch 


die Vollscheibe vertheilt sein mtissen., damit diese nicht 
aufreisst. Es ist naimlich 


ayrR,+ anr Dy devipe Ve =| TKoar- ap | Pear + ass| Z.dr 
was befriedigt wird durch 
anr R,=ay | Rar Ax Do=as| Pdr (52) 
Any Z, = Q}3 { Zar 


oder, indem wir diese Gleichungen nach + differentieren 


Man findet hieraus, indem 


an Q a 
i —_I=, —}_1= 4, 
a Q22 az, 
gesetzt werden 
an (ae tc ( Ke 7 
Teh Cy a = Cur 2 Li C3r*s 


wo C willkiirliche Constanten sind. Damit R, Dg Z, auch im 
Centrum der Scheibe nicht unendlich gross werden, ist es 
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nothwendig, dass , %, 3, positive Gréssen sind, dass darum 
Qay Ay AN3 DAO eA ° 9 =e . 
— —! — positive Gréssen sind, welche grésser als Einheit 
M2 G22 Ary a 


sind. Nun sind 


CAN bx.b, — O32b25 = 90"12 — 5202 
A Oy3b32— 26330 2 043032 — 203,012 


Q2 0303, — 2033012 _ 013031 — 2030» 


w  Oybs3— 631013 30 O33— D051 


Qi 2byb3,— Osby; 2049023— Ogi003 


Ax 20,9633— 03023 2042633 Odo, 


Mithin 
N.,—=O 
folglich 
Z,= Co. 


Die longitudinale Druckkraft muss constant sein in Bezug auf 
vr, wie es schon abgeleitet wurde. Fiihren wir weiter die An- 
nahme ein, dass die elastischen Druckkrafte ein Potential 
haben, so ist 


13> As Q23 = 33 
Wir erhalten denn 
2 2 2 ‘ 
Qy 90» — 043 Ay O\3— 203302 
Ay 0 3— 26330, Ax» 30),b3,— 6% 


Damit diese Gréssen positiv werden, muss 
B43 > 2033012 
Bis < 303012 


2 2 
O13 S O13 


Bog like 34 bx, Diz . 3 


was keineswegs eine Unmodglichkeit darstellt. Die Constanten 
sollen ferner >1 sein; die Bedingungen dafiir sind 


96712 + 20;2b33— 20713 > O 
26*\3— 501.53, > O 
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was auch keine Unmoglichkeit darstellt. Nimmt man an, 
dass 267,3=54,.0, ist d. h. eet, so findet man 
<2 


ay (0 = 8 3(15 (52) -2) 


ay 6713 — 2033012 by3 
was bis zu Fie Ne 
13 15 


positiv bleibt. Da indessen @g eine Function von @ allein 
sein soll, so ist es nothwendig, dass damit die Gleichung (52a) 
besteht, 267,,=50.4., wird, wenn Vp nicht verschwindet. Wir 
sehen somit, dass wenn eine Vollscheibe nicht aufreissen soll, 
die Verhaltnisse der elastischen Constanten zu _ einander 
zwischen gewissen Grenzwerthen liegen miissen, dass die 
radiale Druckkraft nach einem gewissen Gesetze durch die 
ganze Scheibe vertheilt sein muss. Wenn die Vollscheibe 
bei einer vollkommenen Kreisgestalt iiberal! dieselbe Dicke 
hat, und das Verhalten des Holzes gegen Feuchtigkeit iiber- 
all symmetrisch in Bezug auf das Herz ist, so verschwindet 
die tangentiale Druckkraft d. h. jede radiale Ebene erleidet 
dieselbe aber entgegengesetzte Druckkraft in tangentialer 
Richtung, dann kann die Scheibe ohne Riss bleiben, falls 
die Verhiltnisse der elastischen Constanten einen gewissen 
Werth nicht iibersteigen. 

Es handelt sich tiberhaupt bei der Frage, ob eine Voll- 
scheibe aufreisst oder nicht, darum, dass die tangentiale 
Druckcomponente @g verschwindet. Nun kann %g auch dadurch 
verschwinden oder wenigstens unendlich klein bleiben, dass 
@ radial sein Vorzeichen andert, und zwar so, dass das 


Integral 
\ | Vdrdz 


verschwindet, oder verschwindend klein wird. Es ist dies 
der Fall, wenn die Vollscheibe z. B. eine starke weing dila- 
tationsfahige Rinde besitzt und diese ungelahmt ist. Unter 
diesem Umstand kann auch & sein Vorzeichen andern, und 
somit auch das Integral 
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| { Rradpds 


Mithin kann &, verschwinden, oder verschwindend klein 
werden, also dass die Bedingung 


erfullt ist, was fiir Werthe die elastischen Constanten auch 
besitzen médgen. Ezine Vollschetbe mit starker ungelihmter 
Rinde reisst demnach nicht auf, und die radiale Schwindungs 
oder Quellungsgrisse muss dabet mit der tangentialen zusam- 
menfallen ; eine Schlussfolgerung, welche der Versuch des 
Herrn Koide, wie ich glaube, vollstandig bestiatigt. 

Wenn die Scheibendicke sehr gross wird, d.h. sich in 
einen Trumm verwandelt, so wird die Deformation eine andere. 
Dem Integral 


i{ | \Z rdodr | ds 


kénnen wir in diesem Fall einen bedeutenden Werth beilegen, 
wenn z eine der Hirnebene bedeutet und dergleichen den 
beiden Integralen 


| |x pila. | | Paras. 


Werden R, und @y aber unendlich klein, etwa in Folge der 
Belassung der Rinde, und bleiben es in der ganzen Linge, 
so erleidet der Trumm keinen Riss, so lange Z, einen miissi- 
gen Werth hat, dass ¥, ¥Y, Werthe erhalten, bei denen die 
Festigkeit des Holzes in der entsprechenden Richtung noch 
nicht beansprucht wird. In der Hirnfliche des Trumms wird 
Z gross und somit auch ¥, und %, wenn auch R, und O, 
nach wie vor unendlich klein sein wiirde. Die Festigkeit des 
Holzes in tangentialer und radialer Richtung wird hauptsachlich 
durch den longitudinalen Druck De beansprucht. Wenn das 
Holz schwindet, so wirkt in der Hirnfliche der Druck —Z, 
und wenn es einen Durchmesser giebt, in dem ¥, Maximum ist, 
so muss der Trumm das Bestreben haben, in diesem Durch- 
messer aufzureissen, und in zwei Halbhélzer zu zerfallen. 
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Wenn das Holz in diesen Durchmesser aufgerissen ist, so gilt 
der Ausdruck (2c) fiir Vy nicht mehr, sondern (20). Das Halb- 
holz muss dann in dem Radius wo P,=0 ist, wo also zwei 
gleiche entgegengesetzte tangentiale Druckkrafte wirken, auf- 
zureissen und so in zwei Viertelhdlzer zuzerfallen streben. 
Demnach muss ein schwindender Holztrumm das _ Bestreben 
haben, in vier Viertelhélzer zu zerfallen; eine Folgerung, 
welche die Wirklichkeit in der That bestatigt. 

Wie man sieht, fuihrt die Annahme, die wir itiber die Natur 
der Druckcomponenten R. Dy Z, gemacht haben, zu keinerlei 
Folgerung, die mit der Erfahrung im Widerspruch  stiinde. 
Indem ich mir vorbehalte, spater nach naher auf diese Frage 
zuruckzukommen, wollen wir uns hier nur mit der Annahme 
begniigen, dass die Druckkrifte R, ®, Z, in der angegebenen 
Form thatsachlich dargestellt werden kénnen, dass die Func- 
tionen R @ Z bekannt seien. Die Deformationen eines Holz- 
k6érpers von gegebener Gestalt lassen sich dann leicht finden, 
und somit die Gestalt desselben nach dem Schwinden oder 
Quellen. Es ist 


wo ¢, ¢, ¢; Functionen von 7 w z sind, welche gegeben sind, 
wenn die urspriingliche Gestalt des Holzstiicks in Bezug auf 
die Stammmitte gegeben sind. Es sei diese fir @ z)=0 

Es seien die Coordinaten eines Punktes nach dem Schwinden 
oder Quellen 7 gp’ 2’, so dass 


r'=r-+- 0 P=pt+y Z2=2-w, 


Im Fall des Schwindens sind p ¢ w  selbstredend negativ zu 
nehmen. Denkt man sich diese Gleichungen nach ~ p z auf 
gelést, sodass ~y p z als Functionen von 7 @! 2’ erscheinen: 
Wenn wir diese in die Gleichung f(r gy z)=o  substituiren, 
erhalten wir eine Gleichung fiir die Gestalt, welche der Holz- 
korper nach dem Quellen oder Schwinden annimmt. Man kann 
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auch, wie folgt verfahren. Sind 7’ g’ 2’ die Coordinaten eines 
Punktes nach dem Eintreten der Quellung, so kann man umge- 
kehrt x g z als Coordinaten desselben Punktes nach dem Ein- 
treten der Schwindung betrachten, da der Griinzustand des 
Holzes als Quellungszustand des geschwundenen Holzes 
angesehen werden kann, Ist daher die Gestalt eines Holzstiicks 
durch 7’ g’ z')=o bestimmt, so ist die Gestalt des Holzstiicks 
nach dem Schwinden gegeben durch 
Tir+pe, P+?¢, z+w)=o 

Nun wollen wir eine Annahme machen, welche in der 
Natur nicht erfillt ist, aber angenaihrt, wenn das Holzstiick 
so dem Stamm entnommen ist, dass es entweder aus dem 
Splint oder Kern allein besteht. Wir nehmen namlich an, 
dass ¢, ¢, ¢; Constanten seien, deren Werthe nur mit der 
Gestalt und der Feuchtigkeit des Holzstiicks variiren. Unter 
dieser Annahme wird 


do— 
p= +const. d= = 5} +const, 
aa 
zu = 35 + const. 
Die willkiirlichen Constanten bei o und w kénnen =o gesetzt 
werden, da p fir =o verschwindet, und die Ebene (7 @) so 


in dem Holzstiick verschoben werden kann, dass w fiir z=0 
verschwindet. Wir haben dann 


ra(ithir  — g'=(= p+ 


oder indem wir setzen 


Eo I+ 0-2 } /, 
I-Yy=f ZA =h I1+U3= 
; 1+, 
oT] 
IF, y' =lp+C Fleas 


Wir fassen jetzt den Fall in’s Auge, wo eine Gerade auf 
einer Scheibe von constanter Dicke gezogen ist, und unter- 
suchen die Gestalstanderung dieser Gerade. Es sei hier bemerkt, 
dass wenn die Scheibe durch diese Gerade begrenzt ist, die 
Forme! dieselbe bleibt, nur dass Aund uw einen anderen Werth 
erhalten. 
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Die Gleichung einer Gerade in Polarcoordinaten ist 
const = € =>+rcos@P 
Sie wird eine Curve nach dem Quellen, deren Gleichung 


all / 
gs. © cos & 
pL A 


Ist die Gerade im urspriinglichen Zustande des Holzes durch 
S = 7! COs @ 


bestimmt, so verwandelt sie sich nach dem Schwinden in eine 
Curve, deren Gleichung 


= pr cos Ap. 


Wie man sieht, lasst sich die Curve nach der Quellung aus 
der Curve nach der Schwindung ohne Weiteres finden, indem 
man fiir A und yp ihre reciproken Werthe einsetzt. Es ist 
daher nicht nothig, Formeln fiir Quellen besonders abzulei- 
ten. Die Curve ist eine transcendente, wenn A nicht eine 
ganze Zahl ist. Denkt man sich die Curve in rechtwinkeligen 
Coordinaten 2 y dargestellt, und +x y als Functionen von 9g, 
so ergiebt sich 


dy _cosip cos pt+isin p sinip 
dx Asin Ap cos p—sin p cosip 


Hieraus findet man 


: dy 

fiir P=O Beate poe 
oi 7 dy TU 

ON. Aken ea 


Die Curve schneidet die +-Achse in der Distanz = senkrecht, 
und hat zwei Asymptoten, deren Winkel mit der x-Achse 


= ist. Dieser Winkel ist kleiner als = wenn “A o> 1 ast: 


2 


d.h. das Holz schwindet, und grésser als —, wenn das Holz 


Us 
Zz 
V 


quillt. Die Figur (3) stellt den ungefihren Verlauf der Curven 
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dar. Inder That beobachtet man ahnlich verlaufende Curven, 
indem man auf einer Scheibe eine Gerade zieht und sie aus- 
trockenen oder quellen lasst. Die Tafeln X XI XII zeigen 
Scheiben von Quercus grandulifera. Die Curven waren Gera- 
den, welche im frischen Zustande der Scheiben gezeichnet wor- 
den sind. In der Scheibe [Tafel XII] sind die Geraden, A’B’ 
und CB neben die Curven AB und BC’ gezeichnet, um die 
Kriimmung der letzteren zu verdeutlichen. 
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Ist die Scheibe geradlienig tangential abgeschnitten., wie 
die Figur (4) zeigt, so muss gm von dem Radius, der die 
Scheibe halbiert, und nicht verschoben wird d. h. von dem 
Radius AZ aus gezahlt werden. Mithin ist die Gleichung der 


Grenzegerade 
G——7 COS @ 


Nach dem Schwinden verwandelt sich diese Gerade in eine 
Curve, deren Gleichung 


€=—pr cos (Ap+C) 


Die willktrliche Constante C ist so zu bestimmen, dass fir 
Pb te pir Wwicde idan. 


c= —m(A—-1) 
Mithin 
€=—ypr cos (A(p—71) +7) 
=ypr cos [A(T— P)] 
A(—g) muss dabei einen spitzen Winkel bedeuten, weil + 


positiv sein muss. 
Es ist 


dy _—Asin At—@) sin P+cos A(T—P) cos P 
dx —AsinA\a—g) cos p—sin wp cos (T— —P) 


: ; e 2A—1\ ... 
Dieses wird —o fiir p=7, und =tag n{ | fiir in— y)=— 
fir welchen Werth v=o ist. Die Curve schneidet die x-Achse 
senkrecht in der Distanz pr, und hat zwei Asymptoten, die 


den Winkel (=) mit der positiven z-Achse_ schliessen. 


Der Winkel ist stumpf, wenn 42> 1 ist, d. h. wenn das Holz- 
schwindet, und spitz, wenn 2<1 d.h. wenn das Holz quillt. 


Der Zahler in dem Ausdruck fiir a verschwindet nicht, weil 


4(%—g) einen spitzen Winkel, und @ einen stumpfen bedeutet. 
Wegen dieses Umstandes kénnte der Nenner verschwinden, 
so dass 


—A tag (t%—gp)=tag p 
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einen reellen Werth fiir p geben wiirde. Allein, wie eine Curven- 
construction lehrt, wird diese Gleichung nur durch g=7 be- 
friedigt. Die in Rede stehende Curve kriimmt sich darum concay- 
oder convex gegen die Stammmitte, je nachdem A>1 oder 
< 1 ist, d. h. je nachdem, das Holz schwindet, oder guillt. Die 
Figur 3 in der Tafel XIII stellt eine entrindete Scheibe des 
Quercus grandulifera dar, welche vor dem Schwinden gerade- 
linig abgeschnitten worden ist. Die andere Halfte der 
Scheibe zeigte anfangs eine concave Kriimmung gegen die 
Stammmitte, sie ist jedoch beim weiteren Fortschreiten des 
Schwindens aufgerissen. Die Figur (2) zeigt eine Scheibe, 
aber mit der Rinde; aus dem Verlauf der Grenzecurve ist es 
ersichtlich, wie die Rinde das Schwinden besonderes des 
Splintes beeinfliisst. 

Wir fassen jetzt eine viereckige Scheibe in’s Auge, deren 
eine Ecke in der Stammmitte liegt, wie die Figur (4) zeigt. 
Die Kanten der Scheibe sollen senkrecht auf einander stehen, 
und durch die Geraden 


pee €; & 
cos @ 


ly , 
| eee 


A 


gebildet sein. Nach dem Schwinden oder Quellen werden 
diese Geraden 
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— LE, cea HED 
"csligta) "singe Ay = 


wo a B zwei willkiirliche Constanten sind. Es soll bei 


é: : ‘ : : 
paarct. a7 m=r, sein. Diese Bedingung giebt 


&_sin (Ay + 8) 
€, cos(Ay +a) 


=tag;. 
Indem wir a=f setzen, ergiebt sich hieraus 
a=(1-A)y 


verdrehen sich um die Stamm- 


6 7 
Die Kanten gw=o und p=> 


mitte A, indem sie sich in der Lange verandern. Die Be- 
dingung dafiir ist 
d.h. Agy+a=o Ag) +a= 


WO @ Py die Winkel der Kanten bezeichnen, welche sie mit 
der z-Achse schliessen. Man hat 


a_(A-1). oe 2 Oe IG fas 
OIG aN a ey SA ca Wa) a a 


Die Verdrehung der Kante m=o ist sonach 


owt) 


Diejenige der Kante p= A 


Die Differenz 


giebt den Winkel, welchen die beiden Kanten nach dem 
Schwinden oder Quellen mit einander schliessen. Die Diagonale 
A B verdreht sich aber nicht ; denn es ist 
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& 4 &, 
cos (Aqu+(I1—A)7) sin (Ag,+ (1—A) 7) 


Mithin AP, + (1—A) y =arct sy 


1 


dh: PP, =>. 


Die Figur (5) stellt die Deformation der rechteckigen Scheibe 
im Fall A> 1 dar und fig (1) in der Tafel XIII zwei Scheiben 
des Quercus grandulifera. Wie man sieht, ist die wirkliche 
Deformation einer rechteckigen Scheibe &ahnlich derjeingen, 
welche durch die Formeln (6) dargestellt ist. Wenn die Kan- 


ten g=o und gat in Wirklichkeit sich etwas kriimmen, so 


ruhrt dieses selbstredend von der Verschiedenheit der tangen- 
tialen Schwindungsgrésse im Splint und Kern her. 

Wir betrachten eine Kreisfigur, welche entweder auf einer 
Scheibe gezeichnet, oder aus der Scheibe ausgearbeitet ist. 
Die Gleichung des Kreises im Griinzustande sei, 


r—2re cos p+ =k? 
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wo c die Distanz des Kreismittelpunktes von der Stammmitte 
bedeutet. Nach dem Schwinden oder Quellen verwandelt sich 
dieser Kreis in eine Curve, deren Gleichung 


Pr’ —2pre cos Ap+2°= R? 
5 : : RB. 
ist, oder indem wir setzen SSF 
G > 
6 NGOS Lp+V7*—sins —) 


Es ist keine algebraische Curve mehr, wenn 4 nicht eine ganze 
Zahl ist. Wenn ;7<1 ist, d. h. umfasst der urspriingliche Kreis 
nicht die Stammmitte, so ist die Curve eine geschlossene, 
und eine nicht geschlossene, wenn der Kreis die Stammmitte 
umfasst. Wir setzen zur Abkiirzung 


cos Ap=a sin Ap=f 
Es ist 


dy se V 7 — PP 2B tag Pp 
RIGS ee pV aE 


Ist y<1, so kann f nicht den Werth ; tibersteigen. Die 
Curve besteht dann aus zwei Zweigen. Der eine ist dargestellt 
durch 
c eae a 
= we hp+ V77—sind@) 
und der andere 


r= (cos lp—V7*—sinAg) 


Beide Zweige gehen selbstredend continuirlich in einander 
tiber bei dem Winkel 


I : 
p= are sin 7. 
_Nimmt man das obere Vorzeichen, so ist 


dy_ V7—f—if tag p 
dz =18—taz pV 7 — 6° 
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fir p=0o, wird dieses =—% ; die Curve schneidet die x-Achse 
senkrecht in der Distanz att =F(R +e). Die Tangente 


an der Curve macht mit der zx-Achse einen stumpfen Winkel 
so lange, bis 


V7 —f' =f tag p 


wird d. h. 
r=sin*p(1+7 tag’g) 


Nimmt man das untere Vorzeichen, so kommt 


dy _V7i—B+iP tag p 
di 1p—tag 9VE—P 


Fiir p=o, wird dieses =+0 ; die Curve schneidet die x-Achse 
senkrecht in der Distanz pees) =7(6—R). Die Tangente 
macht einen spitzen Winkel mit der x-Achse., bis B=7 d.h. 
p=arc sin7 wird. 

Bezeichnet man den Kriimmungshalbmesser der Curve mit 
p, so erhalt man 


c 


ee (aiVv FP +s en) 


ai 


Wenn wir die Kriimmungshalbmesser in den Punkten 
I 
P=O v=—(K +6) und P=O0 r=—(c—R) 
mit p' p” bezeichnen, so hat man 


eS Se ees) 


2 


# (147) +P(1+=) pL (1+ 


oe UT See ie ee 
© oy tR(raS) BE). (E-1) 
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Indem wir mit o” seinen absoluten Werth bezeichnen, folgt, 


i 
Die rechter Hand stehende Grésse ist positiv, wenn A>1_ is 
und negativ, wenn 4 <1 ist. Wenn also das Holz schwindet, 
so ist op’ > pe”, Wenn hingegen das Holz quillt, so ist p’<’ 
Die in Rede stehende Curve hat eine ovale Gestalt, deren 
spitzere Stelle gegen die Stammmitte oder von Stammmitte ab 
gerichtet ist, je nachdem das Holz schwindet oder quillt, wie 
die Figur (6A) zeigt. Die Verwandlung eines Kreises in eine 
solche ovale Figur beobochtet man in der That, wie die Schei- 
ben von Quercus grandulifera (Tafeln VIII IX X XII) es zeigen. 
Die Curven kehren ihre spitzere Stelle gegen das Herz, wenn das 
Holz schwindet und umgekehrt, gegen den Splint, wenn es quillt. 
Die innere Curve in den Tafeln (X XII) ist ein Kreis, der nach 
vollendetem Schwinden mit dem» Radius in tangentialer Rich- 
tung gezeichnet worden ist. Viel deutlicher spitzt sich die ovale 
Curve nach der Stammmitte zu, wenn man eine kreisformige 
Scheibe ausarbeitet, und sie schwinden lasst. Nd6rdlinger* 
hat auch an Brettsteinen oder Cylinder von Hirnholz, die aus 
einem frischgefallten Stamm geschnitten ist, eine solche Zu- 
spitzung der ovalen Umfangscurven nach der Kernseite zu 
beobachtet. Er meinte, dass die Markstrahlen sich kaum an 
dieser Erscheinung betheiligt sein diirften, und itberzeugte 
sich auch davon, dass der Unterschied zwischen jiingerem und 
alterem Holz‘zur Erklarung nicht zu dienen vermag. An den 
Cylindern aus Splint von Quercus rubra bewies er, dass man 
sich, um eine nothdiirftige Erklarung zu gewinnen, auch nicht 
an die Jahresringe halten kénne. Ein Cylinder aus dem 
genannten Holz mit beinah parallelen nicht concentrischen 
Jahresringen zeigte eine starke Zuspitzung auf der Kernseite, ein 
Cylinder mit entschieden einspringenden Jahresringen, eine zwar 
schwachere aber deutliche Zuspitzung nach der Stammmitte 
zu. Indessen; diese Erscheinung stellt sich heraus als eine 
nothwendige Folge auch unserer sonst wenig wahrscheinlichen 
Annahme, dass die radiale und tangentiale Schwindungsgrésse 
constant seien. Wenn man sich demnach mit Annahrung 


I 
—= 


bo 

a 

~ 

oo 
| 

— 

— 
ots 


*Nordlinger : Die technischen Eigenschaften der Holzer, pag. 283. 
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| 
| 
‘ 
1 


begniigt, so ist die Thatsache zur Erklarung dieser Erschei- 
nung ausreichend, dass die Bogenlange der von der Stamm- 
mitte aus gezogenen Kreise in einem ausserhalb der Stamm- 
mitte gezogenen Kreis verschieden gross ist. 
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Umfasst der Kreis die Stammmitte, d. h. 7 >1, so kann 
g von oO bis 27 variiren. Man hat als Gleichung der Curve 


r= “(60s Ap+ V7 —sinAg) 


und 
dy _V7'—f'— If tag p 
dx —)B—tag pVv7— fp’ 


wo wieder sin Ap=f gesetzt ist. Es ist wieder 

fir p=o —=— =-%n” 
die Curve schneidet die x-Achse senkrecht in der Distanz 
D2 cote d.h. die 


Curventangente steht senkrecht aufdem Radius vector Jee 1) 


€ ely, “s ele ee. 
, (1+7) = ee Fir p= 7 wird 


P= 


=F (R-9). Es ist dies der Radius, in dem die Scheibe auf- 
reissen miuisste, bei dem Werth, den 24 hat, wenn das Holz 
schwindet, denn der Radius 7 wird in dem weiteren Verlauf der 
2 , I P 
Curve von = bis 2 kleiner als — (e+ &) und = negativ, und 
L ae 
die Curve miisste fir g=7 eine Spitze haben. Es ist hier von 
keinem Nutzen, den ferneren Verlauf der Curve zu betrachten ; 
es sei nur bemerkt, dass sie, wenn A einen einfachen Bruch 
bedeutet, nach vielem Umlauf zu demselben Radius vector 
zuriickkehrt. Wenn das Holz quillt, und 4 ein echter Bruch 


5 2 7 F 5 
ist, so ist % >a. Handelt es sich um eine Vollscheibe, so 
kann g nicht den Werth 7 iibersteigen. Demnach ist der 


; , é 5 ; 
Radius vector, der dem Radius vector bk +e) diametrial ent- 


gegengesetzt ist 


c 9 SS 
= ee At + V7?—sin*s7) 


; I ; 
was kleiner ist, als ee) und die Curve schneidet die +- 


Achse unter dem Winkel, dessen Tangente 


360 UBER SCHWINDEN UND QUELLEN DER HOLZER. 


_ wv ff =sint 
—A sin A 
ist. Der Winkel ist ein stumpfer; die Curve muss hier eine 
Spitze bilden. Die Figur (7) stellt den Verlauf der Curve dar 
fiir den Fall, dass das Holz schwindet. Die dussere Curve ist 
dabei der urspriingliche Kreis. Es war nicht méglich gewesen, 
diese Curve mit der Wirklichkeit zu vergleichen. In den 
Scheiben, welche nicht aufgerissen sind, weicht die Curve nicht 
sonderlich von einem Kreis. 
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Wir fassen schliesslich den Fall in’s Auge, wo der Kreis 
durch die Stammmitte geschlagen ist, d. h. den Fall y=1. In 
diesem Fall wird die Curvengleichung 


2€ 
A eres (Ap) 


Es ist eine Art von Lemniscate oder Cardioide, je nachdem 
A>1 oder <1 ist. Sie spitzt sich in dem Punkt r=o. Denn; 
es ist 


ay _cosip—Asinig .tag P 
dx —Asinip—tag@ .cosip 


fur @m=o wird dieses =—%. Die Curve schneidet wieder senk- 
: F : B 26 = : 8 7T 
recht die z-Achse in der Distanz oa Es wird fur Pa 


‘ 


ay _ Be 
Spe ee 


Die Curve durchsetzt die Stammmitte unter dem Winkel 
r es 1 
—, und bildet so eine Spitze., Ist A< 1, so ist -; stumpf. 
ZA 24 
Die Curve greift tiber die y-Achse hinaus unter dem spitzen 


Winkel arct (: tag 


11 , < 
= \ und wendet sich nach der Stamm- 


mitte zu. 

Die Figur (6 4) stellt den Verlauf der Curve im Fall des 
Schwindens dar. Die Tafeln( VIII X) zeigen dieselbe auf gesch- 
wundenen Scheiben von Quercus grandulifera; die Risschen 
durch das Herz machte den Verlauf der Curve dort undeutlich. 
Jedoch sieht man an einem Curvenzweig, der von Riss frei ist, 
nicht undeutlich, dass die Curve dort eine Spitze bildet. Die 
Tafel (XIV) stellt eine gequellte Halbscheibe von derselben 
Holzart dar. Die Curve (Bf) war urspriinglich ein durch die 
Stammmitte geschlagener Kreis. Man sieht doch deutlich 
eine cardioidenartige Einbiegung der Curve in dem Herz. 
Dieselbe Tafel zeigt auch im lufttrockenen Zustande der 
Scheibe gezeichneten Kreise (a) und (&) so wie eine Gerade 
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(AB), wahrend die Gerade (A’ch') vor dem Schwinden gezeichnet 
wurde, und sich bei vollzogenem Schwinden convex gegen das 
Herz gekrummt hat. Die Kreise sind Ovale geworden, die 
sich deutlich im Splinte spitzen, und die Geraden Curven, 
welche sich concav gegen das Herz kriimmen. 

Betrachten wollen wir noch eine Kreisfigur auf einem 


longitudinal geschnittenen Brett. Es sei in dem Griinzustand 
der Kreis 


4g = Re 


die Stammmitte als Mittelpunkt gezogen oder herausgesch- 
nitten. Da in Folge der Gleichung, 


Hh aV FTV FTF 


i - } — 
al y=py 


sein miissen, so verwandelt sich der Kreis nach dem Schwin- 
den oder Quellen in eine Curve, deren Gleichung 


x ez ee 


ist. Es ist eine Ellipse, mit den beiden Halbmessern ; 


R 
u 
‘ 


1 Py 


sie ist in der z-Achse abgeplattet, wenn #>1 x<yp ist, d. h. 
wenn das Holz schwindet. Die photographierten Tafeln (VI) 
(VII) stellen zwei Bretter von Quercus grandulifera dar. (V1) 
ist aus Spiegel hergestellt, und (VII) aus Sehne. Die innere 
Curve ist ein Kreis, der mit dem kleinsten radialen Halb- 
messer nach vollendetem Schwinden gezogen worden ist. 
Wenn gleich die Annahme, auf der die Ableitung solcher 
Curven beruht, jeder Thatsiachlichkeit entbehrt,- wenn gleich 
ferner die Methode, Schwinden und Quellen messend zu verfolgen, 
in Bezug auf die Scharfe Vieles zu wiinschen tibrig lasst, wollen 
wir naher priifen, wie weit die Ahnlichkeit der Curven mit den 
thatsachlich beobachteten geht. Zu dem Ende habe ich die 
Curvencoordinaten sowohl in den mit einem Siageschnitte bis 
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zum Herz versehenen Hirnscheiben (Tafeln VIII IX X XI) 
als in den Brettern (Tafeln VI VII) méglichst scharf gemessen, 
wobei w mittelst einer bekannten Formel aus den _ bestimmten 
Langen der Dreieckseiten berechnet wurde, indem die Curven 
in gleiche Theile getheilt, jeder Theilungspunct mit der 
Stammmitte geradlinig verbunden, und die Distanz des Thei- 
luugspunktes von einer radial gezogenen Grundlinie bestimmt 
wurde. Vom Gebrauch kleiner Metallstiftchen nahm ich Ab- 
stand, da es sich als sehr schwierig erwies, beim Einschlagen 
derselben gerade den Curvenpunkt zu treffen. Die Curven 
sind zuvor méglichst fein mittelst des Bleistiftes gezeichnet und 
nach den Messungen nachgetuscht, behufs sie zu photogra- 
phieren. Der Nonius an dem gebrachten Maassstab gestattet 
nur Ablesung bis auf 0.1"; bei der Sorgfalt, die angewandt 
worden ist, bin ich indessen tiberzeugt, dass ich schwerlich 
Fehler begangen haben méchte, welche 0.1" tibersteigen. 


Kreis auf einer Spiegelplatte (9) Tafel (VI). 


2 Zz 6! x ee, ethene Sarall 2 Dy x : Fd 

-; = bere- | Differ | bere- |Differ.| bere- |Differ, 

urspr. | geschw| urspr. | geschw 2 x I chnet chnet chnet 
cm 7,85cm 1,88 % 3% i Bee 7,82 
3,96 | 3,92¢ 7 |6,88 |1,010%| 1,71 2 | 3,93| +0,01| 6,84 |—0,04] 3,93 |—0,03 
5.36 | 5,34 6 5,90 [0.373 | 1,67 1 | 5,33] —0,01] 5,86 )—0,04] 5,33 |—0,03 
GZ Gen 5 14,91 [0,158 | 1,80 3 6,27 | — 0,04] 4,89 |— 0,02] 6,28 | —0,04 
7,01 7,00 4 |3,94 |0,143 | 1,50 2 | 6,96}| —0,04} 3,91 |—0,03] 6,82 | —0,19 
7,48 7,06 3 2,96 |0,267 | 1,33 I 7,42 | —0,04] 2,93 |—0,03] 7,45 |—0,03 
7,83 17,78 2 1,97 0,638 |1,50 I 7,77 | —0,01] 1,96|}—0,01| 7,77 | —0,05 
9.00 | 7:97 I |0,98 0,375 | 2,00 2 | 7,94] —0,03} 0,98} © | 7,99/+0,01 
8,05 | 8,00 fo) fo) 0,621 7,99 | —0,0o1] ——]}] ——| 8,05] o 
8,00 | 7,95 I |0,95 0,621 | 5,00 5 | 7,94] —0,01] 0,98 |+ 0,03] 7,99|+0,01 
7,80 | 7,76 2 11,91 (0,513 [4,50 |. 4 | 7.77| +0,01] 1,96|+0,05| 7,77 |—0,03 
7,46 | 7,43 3 12,90 |0,400 | 3,33 1 | 7,42} —0,01} 2,93 |+ 0,03] 7,45 |—0,01 
7,00 | 6,92 4 |3,88 {1,143 | 3,00 2 | 6.96] +0,04] 3,91 |+ 0,03] 6,82 |—0,18 
6,28 | 6,23 5 |4,90 0,796 |} 2,00 2 | 6,27] +.0,04] 4,89|—0,01| 6,28] o 
5,37 15,26 6 |5,88 |2,048 | 2,00 2 | 5.33] +0,07| 5,86|—0,02) 5,33 |—0,04 
3,96 | 3,84 7 |6,85 3,030 |2,14 | 3 | 3,93| +0,09] 6,84|—0,01) 3,93 |—0,03 
8 | 7,83 2.13 3 7,82 |—0,01 
| 
Mittel 0,754 2,335 | 2,290) 
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Kreis auf einer Sehnenplatte (7) Tafel (VII). 


, 


a z x x ties PE | We z < Zz 

Boe | eH a3 ve: | Differ,| bere: [Differ.| bere- |Differ- 

urspr. | geschw] urspr. | geschw ad x I chnet chnet chnet| | 
Sem 773 ere (S25 |) 0570] el ce 
3,78°)3,77°™| 7 16,78 |0,265%13,14 | 4 | 3,76] - 0,01] 6,75 |—0,03) 3.87] + 0,09 
5533 |5.25 6 {5,82 1,509 |3,00 | 0 | 5,30] +0,05] 5,78 |—0,05} 5,29 |—0,04 
6,25 6,23 5 |482 [0,320 | 3,60 3 | 6,22] —o,o1| 4,82] o | 6,25] oO 
6,95 |6,93 4 13,85 0,288 | 3,75 5 | 6,91] - 0,02) 3,86|+0,01] 6,93 | —0,02 
7,46 7,42 3 |2,90 0,536 | 3,33 6 | 7,42] oO | 2,83 |—0,07| 7,42 |—0,04 
757 7574 2 {1,96 [0,258 | 2,00 3 | 7,:72| —0,02] 1,93 |—0,03] 7,75 |—0,01 
7,93 17,92 I |0,99 0,126 | 1,00 1 | 7,89] —0,03] 0,96 |—0,03} 7,94.|+0,01 
8,00 |8,00 fo} ——]| 0 —— |——| 7,96| —0,04] —— 8,00} Oo 
7,93 |7,92 1 0,98 0,126 |2,00 | 2 | 7,89] —0,03] 0,96 |—0,02] 7,94|+ 0,01 
7,78 17,76 2  |1,90 0,257 | 5,00 8 | 7,74] —0,02] 1,93 |+0,03] 7,75 |—0,03 
7,46 |7,41 3 |2,84 0,670 15,33 | 6 | 7,42] +0,01] 2,83 |—0,01] 7,42 |—0,04 
6,98 6,92 4 |3,82 0,860 525 2 | 6,94] +0,02] 3.86 |+0,04] 6,93 |—0,05 
6,30 |6,26 5 |4,80 0,635 | 4,00 2 | 6,27| +0,01} 4,82 |+0,02| 6,25 |—0,05 
5,40 {5,31 6 |5:75 |1,667 |4,17 | 5 } 5,37| +0,06| 5,78 |+0,03| 5,29 |—0,11 
4,00 |3,95 7) |OS73 nal e25 Om |3tS0 2 | 3,98| + 0,03] 6,75 |+0,02| 3,87 |—0,13, 
8 7,70 4,25 % 7,71 |+0,01 
Mittel |o,548 | 3,745 


Man sieht hier deutlich, dass die Schwindungsgréssen 


> oe! 
3 & 


t 


x“ 2 : 
und —— mit zunehmendem + wichst, dass es eigent- 


a a 


lich von einer Constanz nicht gut die Rede sein kann. Die 
Platten schwanden dabei in einer Halfte longitudinal mehr, als 
die andere Hialfte, besonders die Spiegelplatte. Nimmt man 


og! s! 
fiir ¢, und ¢, das arithmetische Mittel der Quotienten = 
a! — 24! 


, und berechnet z und + aus der Relation, 


und 
g'=(1+¢,)e «'=(1+¢,)4 


so erhalt man Werthe, welche héchstens um Bruchtheil von 
i™™ von den beobachteten Werthen abweichen und die Ab- 
weichung zeigen wieder deutlich, dass die Platten radial und 
longitudinal in den beiden Hialften ungleich geschwunden sind 
und auch ungleich im Splint und Kern. Wenn wir die bestimm- 
ten Werthe von + in die Gleichung 


noe R i i+ gi)’ 2 
aN ane 
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einfihren., und 2 berechnen, so ergeben sich gréssere Abwei- 
Die Ursache ist aber, dass die beobachteten Coor- 
dinaten keineswegs der Gleichung fiir den Kreis geniigen, dass 


chungen. 


der gezogene Kreis wahrend der Zubereitung der Platten sich 


merklich deformirt hat, wie es die Zahlen unter der Rubrik 
(z’ berechnet) darthun. 
Gerade auf einer Hirnscheibe (3) Tafel (X). 

i ‘ ey RN cc Sch SO A re 
urspr. | geschw.| urspr. | geschw. ie @' | berech * | berech , 
9,12"™| 8,78¢mM)63°,2639 |62°,5111 | 4,69% me 8,73 | —0,05 8,96 | —0,06 
8,23 7:97 | 60,0690 | 59,0749} 3,16 1,66 7,87 | —0,10 
7937 T17 | 56,0024] 55,4111 | 2,71 1,06 7:04 | —0,07 7:39 | 10,02 
6,56 6,37 | 51,1333 | 50,0056] 2,90 2,21 6,26 | —0,1I 6,42 | —0,06 
5,77 | 5,61 | 44,7861 | 43,3639] 2,77 | 3,18 5:53 | —2,08] 5,68 | —0,09 
5,10 | 4,97 | 36,6639 | 35,0694] 2,55 | 4,51 4,99 | —0,07| 5,03 | —0,07 
4,58 4,44 | 26,3944 | 24,9222] 3,06 5559 4,38 | —0,06 4,50 | —0,08 
4,21 4,05 | 13,9611 | 13,3528| 3,80 4,36 4,05 fo) 4,16 | —0,05 
4,03 | 3,96 ia | === 3,93 | —9,03] 4,03 fc) 
4,14 4,09 13,9611 | 13,6805 | 1,21 6,31 4,05 | —0,04 4,16 | +0,02 
4,48 4539 | 26,3944 | 14,6833 | 2,01 6,48 4,38 | —0,01 4,50 | +0,02 
4,04 4,86 | 36,6639 | 35,0694] 1,62 4535 4,90 | + 0,04 5,03 | +0,09 
5,58 5.45 | 44,7861 | 43,6667] 2,33 2,50 5553 | +0,c8 5,68 | +0,10 
6,36 6,26 | 51,1333] 49,8150] 1,57 2,58 6,26 fo) 6,42 | +0,06 
7,10 6,88 | 56,0024 | 54,5889 | 3,10 2,58 7,04 | +0,16] 7,39] +0,2 

Mittel | 2,615 3,468 


Gerade auf einer Hirnscheibe (4) Watelieck): 


7! r gy! |p fia pS iP y! 

o ; aa Li Differ. Differ, 
urspr. |geschw.| urspr. | geschw. 7 yp berech. berech. 
7532°™| 7,07) 55°,315 | 54°,100 | 3,415 %| 2,197%] 729 | +022] 7,42 | +0,10 
6,53 6,27 50,384. | 48,901 | 3,951 2,943] 6,51 | +0,24] 6,62 | 40,09 
5,80 | 5,59 | 44,155] 42,633 | 3,621 3:447| 5,79 | +0,24| 5,88] +0,08 
516 | 4,93 | 36,303] 34,584 | 4,457 4,740| 5,15 | +0,22| 5,24 | +0,08 
4:65 | 4,34 | 26,456) 24,684 | 6,682 6,725 4,65 | +0,31| 4,71 | + 0,06 
4532 4,15 14,611 | 13,208 | 3,935 13,368] 4,29 | +0,14 4,36 | +0,04 
4,22 4,09 —— 3,081 4,15 | +0,06 322 fe) 
4,34 4,23 12,040} 13,739] 2,535 |—14,941| 4,24 | +0,0I 4,32 | —0,02 
4,69 4555 23,750] 24,222|2,985 | —1,987| 4,53 | —0,02] 4,61 | —0,08 
5,20 5,06 34,497 | 34,300 | 2,692 0,571| 5,04 | —0,02| 5,12 | —0,08 
5,86 5,69 42,744] 42,364 0,889] 5,65 | —0,04 5975 | +911 
6,61 | 6,45 | 49,333| 48,361 1,970| 6,36 | —0,09| 6,47 | —0,14 
743 | 725 | 54425) 54,292 0,331] 7,13 | —0,02| 7,25 | —0,18 


Mittel 


1,687 
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Bei den Geraden auf einer Hirnscheibe ist es bemerkens- 
werth, dass die tangentiale Schwindungsgrésse mit dem wach- 
sendem Abstand von der Stammmitte abnimmt. Bei der Scheibe 
(3) wurd 7 aus Gleichung 


a 4.03 
(1.0262) cos (1.0347 P) 


r 


berechnet. Die Abweichung der so berechneten Werthe von 
den Beobachteten ist derart vertheilt, dass man sie nicht 
allein dem verschiedenen Schwinden des Splintes und Kerns 
zuschreiben kann. Die Gerade schien sich ein wenig ver- 
dreht zu haben, ehe die Messung der Coordinaten begann, wie 
die Zahlen unter (7’ berechnet) es darthun. Bei der Scheibe 
(3) theilt die Gerade, welche senkrecht auf die Gerade gefallt 
ist, dieselbe in ungleiche Halfte; die Folge davon ist, dass 
die radiale Schwindungsgrésse auf der kirzeren Halfte der 
Gerade kleiner ist, als auf der lingeren Hialfte. Auf der 
Scheibe (4) war die Gerade urspriinglich so gezeichnet, dass 
eine von der Stammmitte auf sie senkrecht gefallte Gerade sie 
in annahrend gleiche Halfte theilte. Der ziemlich starke Riss 
hat aber die Schwindungsgrésse so einseitig verschoben, dass 
die mittlere tangentiale Schwindungsgr6sse geringer ausfiel, als 
die radiale, welche einen Werth hat, den die tangentiale hatte 
sonst haben miissen, Auch diese Gerade hat sich ziemlich stark 
verdreht. 


6 
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Kreis auf einer Hirnscheibe (2) Tafel (VIII). 


aA G [/ y! : 
a apes wi sa LEE Q'-@P Pee Differ. betel Differ. | berech-| Differ. 
pr. | chw.| pr. | geschw. r gq! net net net 

em] — em % % 
8,00] 7,82] 0° | 0°, 2,250 7,85 | +0,03} oO === || &H60) fo) 
7,95| 7:71] 7,5 | 8,0667| 3,019] — 7,560) 7,78 | +0,07] 7,093} —0,974| 7,93 | —0,02 
7,72} 7,50| 15 14,8000 2,850] 8,000] 7,58 | +0,08] 14,185] —0,615] 7,73 | +0,01 


7,38 | 7,14] 22,5 | 17,4333 |  3,252| 22,520] 7,25 | + 0,09] 21,325] +3,892] 7,39 | +0,01 
6,93| 6,71] 30 | 29,2333! 3,175] 2,557| 6,80 | + 0,090] 28,369] —0,864) 6,93 fo) 

6,36| 6,15 | 37,5 | 36,1000] 3,302} 3.733| 6,23 | +0,08] 35,461] —0,639] 6,35 | —0,01 
5,66] 5.48) 45 | 43,3333 | 3,180] 3,704] 5.56 | +.0,08] 42,553] —0,780| 5,67 | +0,01 
4,86 | 4,73 | 52,5 | 50,1000] 2,675) 4,571] 4,78 | +.0,05] 49,645] —0,355| 4,87 | +0,04 
3,97| 3,92] 60 | 58,0667 1,259] 3,222] 3,93 | +0,01/ 56,607] —1,460] 4,01 | —0,01 
3,07 | 3,06 | 67,5 | 64,6000} 0,325] 4,296] 3,00 | —0,06| 63,829] —0,770| 3,06 | —0,03 
2,05| 2,06|}75 | 72,9667 | —0,488| 2,711] 2,04 | —0,02| 70,922] —2,045| 2,08 
2,05 | 2,06] 75 | 67,9333 | — 0,488] 9,423] 2,04 | —0,02/ 70,922) + 2,639 
3,07 | 3,04 | 67,5 | 62,3000 | 1,000] 7,704} 3,00 | —0,04] 63,829) + 1,529 
3,97 | 3:96] 60 | 55,6333] 0,252] 7,278] 3,93 | —0,02|56,607| + 0.974 
4,86 | 4,80] 52,5 | 48,2667 1,235| 8,063] 4,78 | —0,02| 49,645] + 1,178 
5,66} 5,54] 45 41,9333 2,120} 6,816) 5,56 | +0,02| 42,553] +0,620 
6,36} 6,20} 37,5 | 34,8000} 2,516] 7,200) 6,23 | +0,03] 35,461] +:0,661 
6,93 | 6,73] 30 | 28,0333 2,886] 6,532] 6,80 | +0,03] 28,360] +0,336 
7-38] 7,21| 22,5 | 21,2000] 2,304] 5,778] 7,25 | +0,04| 21,325] +0,125 
7,72| 7,50] 15 14,0667} 2,073] 6,211) 7,58 | +0,02| 14,185] +0,118 
7,95| 7,77| 755 | 753333 |__ 2,264] 2,227] 7,78 | +0,01 


Mittel 


Durch diesen Kreis geschah ein Riss im Herz. In Folge 


t ff 
ri—r F 

davon wurde - in dem Herz negativ und eae f im dus- 

7 


/ 
S46 r : x. v'-—r x 
sersten Splint. Wenn gleich die Zunahme des — gegen Sp- 
Ue 


/ 
lint zu constatiren ist, so ist die Vertheilung es P auf 


der einen Hilfte regellos, in der es einmal negativ wird, und 
auf der anderen Hilfte nimmt es deutlich vom Kern aus gegen 
Splint ab. Wenn wir das arithmetische Mittel der Quotienten 
CaP 
y 


r—r 


zi und nehmen und setzen 


$1 =0.0195 1=0.0575 
so findet man aus der Gleichung 


2X4 


*= Gores) 0195)" cos (1.0575 p) 
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die Zahlen unter der Rubrik (7 berechnet). Die Differenzen 
von den beobachteten Werthen sind zwar ziemlich erheblich 
sie aber bleiben unter 1™, und ihre Vertheilung der Grésse 
und dem Vorzeichen nach ist derart, dass man sie der ver- 
schiedenheit des Schwindens allein zuschreiben k6nnte, da 
der Kreis sich wahrend der Zubereitung der Scheibe sich nur 
wenig deformirt hat, wie die aus der Kreisgleichung 


7 (2064 ees gi! 


berechneten Werthe von 7’ darthun. 


Kreis auf einer Hirnscheibe (1) Tafel (IX). 


A r Q' P |r ae AN P eae 
ra” | PP \yere-| Differ, berech-| Differ. |bere-| Differ. 
urspr. |geschw]| urspr. |geschw r g' chn. net chn. 
§,50¢M] 8,25¢m) 0° oO | 2,941% 8,24] — 0,01 — |85 fo) 


8,37 |8,11 | 79,0178] 6°,7278] 3,104 | 4.132%] 8,11) o 6,633) —0,095] 8,41) +.0,04 
8,00 |7,79 | 13,9008] 12,9078} 2,625 7,435 | 7.75] —0,04) 13,139] +0,231| 8,03] +.0,03 
7:50 | 7,24 | 20,1975] 18,9689] 3,464 | 6,085 | 7,27| +0,03] 19,090] +0,121| 7,48) —0,02 
6,73 |6,50 |25,9494) 24,4411] 3,418 4,962 | 6,52) +.0,02| 24,526) —0.085] 6,72) —0,01 
5,82 |5,62 | 30,3939] 28,2754] 3.437 6,972 | 5,64) + 0,02] 29,396] +1,121] 5,85) +0,03 


4,79 |4,68 | 32,7584] 30,7761] 2,296 6,151 | 4,64! — 0,04} 30,962} —0,186} 4,89] +0,10 
3,80 13,65 | 30,3825] 28,1878) 3.975 7,22 3,68) + 0,03] 29,386) + 1,198] 3,67] + 0,13 
2,90 |2,80 | 20,6486] 17,3650] 3,793 | 15,904 | 2,81) +.0,01] 19,517] +2,152| 2,89) —0,01 
25520) 12545 2,778 -—— | 2,44] —0,o1| —— 2,52} oO 
2.90 |2,80 | 20,6486} 20.0033! 3.448 0,989 | 2.81} +0,01| 19,517) — 0,456 

3.80 | 3,65 | 30,3825] 28,8261] 3,947 5,121 | 3,68] +0,03] 29,386] + 0,560 

4,79 |4.65 | 32,7584) 30,9566] 2,923 5,501 | 4,64) —0,01| 30,962] + 0,006 

5.82 |5,68 | 30,3939] 28,7366) 2,406 59452 15 64) — 0,04} 29,396] +0,559 

6,73 |6,55 | 25.9494] 24.4766| 2,675 | 5,677 | 6,52) - 0,03] 24.526) +0.050 

7,50 |7,23 | 20,1975] 19,1877] 3,600 5,006 | 7,27) +0,04] 19,090] — 0,097 

8,00 | 7,72 | 13,9008) 13,5876] 3,500 | 2,259 | 7.75] +0,03| 13,139] - 0,448 

8,37 | 8,08 7 0178] 6,9195] 3,465 1,397 | 8,11} +0,03|} 6,633) —0,287 

Mittel | 3,211 5.809 


ri —r 


Bei dieser Hirnscheibe ist fast constant, wahrend 


aaa deutlich vom Kern aus gegen den Splint abnimmt. Wenn 


wir das arithmetische Mittel dieser Quotienten nehmen und 
setzen 


$,=0.03211 
,=0.05809 
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so erhalten wir als Curvengleichung 
r= 5.3386 (cos Ap V'0.29433 —sin’ (AP)) 
A= 1.05809 


da die Distanz des Mittlepunktes des urspriinglichen Kreises 
von der Stammmitte c=5.51°", und der Halbmesser des Kreises 
=2.99°" war, so dass 


ist. Die unter der Rubrik (y berechnet) stehenden Zahlen sind 
aus der Relation 


, uw 


(ee 
1.0321 


berechnet. Die Ubereinstimmung zwischen den beobachteten und 
berechneten Werthen ist zeimlich befriedigend, wenn auch eine 
Tendenz der Abweichungen gegen den Splint zu wachsen 
fihlbar ist. Der Kreis schien sich indessen bei der Grenze 
zwischen Splint und Kern. d. h. zwischen den radialen Ab- 
stinden 3.80°" und 5.82°" etwas deformirt zu haben, wie dic 
aus der Kreisgleichung 


v'=5.51 (cos g’+ V 0.29433 —sin?’) 


berechneten Zahlen es darthun. 

Das Resultat unserer Untersuchung ist, wie zu erwarten, ein 
negatives. So lange der Unterschied der Schwindungsgréssen 
zwischen dem Splint und Kern nicht ausser Acht gelassen wird, 
sind die Curven, in die eine Gerade oder ein Kreis nach dem vol- 
lendeten Schwinden sich verwandelt, auf keine Weise zum 
Zusammenfallen mit denen zu bringen, welche wir abgeleitet 
haben, unter der Annahme, dass die Schwindungsegréssen tiberall 
constant seien. Indessen sind die Abweichungen nicht all zu 
erheblich, und indem wir von dem Unterschied der Schwin- 
dungsgrésse im Splint und Kern abschen, k6nnen wir immerhin 


370 UBER SCHWINDEN UND QUELLEN DER HOLZER. 


eine ungefihre Vorstellung gewinnen von der Gestalt eines 
geschwundenen oder gequellten Holzstiicks, dessen Gestalt 
vor dem Schwinden,- (auch wohl vor dem Quellen), dessen 
mittlere Schwindungs- (respectiv Quellungs) grésse gegeben 
ist. 

Ich bemerke noch, dass man auch leicht die Gestalt eines 
Holzstiicks von gegebener Gestalt nach dem Schwinden oder 
QOuellen auf dem Wege der Construction finden kenn, wenn 
die Schwindungs- oder Quellungsgréssen als constant angese- 
hen werden. Man zeichnet die Hirnfliche des Holzstiicks, 
von der Stammmitte aus ein System Strahlen, und dazu ein 
System concentrischer Kreise. Wenn man die Strahlen, so weit 
sie in der Hirnfliche des Holzstiicks liegen, im Verhiltniss 
1:1+¢, verkiirzt, oder verlangert, wenn man ferner die Bogen- 
strecken der concentrischen Kreise in der Hirnflache ebenfalls im 
Verhiltniss 1: 1+¢, verkiirzt oder verlingert, so erhalt man 
die Punkte der Contouren der Hirnflache nach dem Schwinden 
oder Quellen. Die Curven in den Figuren (3) (5) (6) (7) sind 
auf diese Weise gezeichnet worden. 
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Manuring Experiments with Paddy Rice. 
Diczea: Fifth and Sixth Years + 18921894.) 
BY 
Y. Kozai, M. Toyonaga and M. Nagaoka. 


Assistant Professors of Agricultural Chemistry. 


These experiments have been in progress since 1889 and 18go'” 
and were carried on for the purpose of getting some information on 
the following points: 

1) The exhaustion of soil nutriments by the successive culti- 
vation of rice, and the quantity of the fertilizer required for the soil 
to recuperate, as judged by the quantities of nutriments contained 
in the crop. 

2) The after effect of unrecovered phosphoric acid applied as 
sodium phosphate. 

3) The after effect of various phosphatic manures. 

The method of experiments was exactly the same as in the 
preceding years. After cutting the rice, the plots which were sur- 
rounded by deep wooden frames, were left untouched till the spring 
of the next year. In the beginning of June, these plots were irrigated 
and carefully stirred until the soil was converted into a fine uniform 
mud. Inthe mean time, the young rice plants raised carefully in a 
seed bed were transplanted after manuring the plots. Each plot 
received 16 bundles each of 12 healthy plants. Irrigation was at 
once commenced, the water being supplied from wooden tanks with 
a capacity of about 70 litres each placed on the northern side of the 


1) These experiments were originally commenced in 1889 by Hofrath, Prof. Dr. O, 
Kellner, formerly Professor of Agricultural Chemistry in the Imperial University, under 
whose direction they were carried on till 1892, when he returned to Germany to succeed the 
late Prof. Dr. G, Kiihn at Méckern experimental station. The results obtained up to that 
date have been already published by him in Die landwirthschaftliche Versuchs-Stationen Vol. 
39, (1891). p. 361, and Vol. 4o, (1892) p. 295, as well as in this Bulletin, Vol. I. No, 8, No, 
10, and No, 11. 

2) Bulletin Vol, I. No. 10, College of Agriculture, Imperial University. 


372 Y. KOZAT, M. TOYONAGA AND M. NAGAOKA. 


plots and kept constantly filled with water. Toward the end of 
September, the irrigation was stopped as is usually done by farmers, 
and the water was afterwards given only for two days at the time 
of flowering. The variety of rice chosen for these experiments was 
‘«Satsuma,” since its vegetation period is of medium length. In 
1892 the weather was fairly good, but in 1893 it was very unfavour- 
able, while in 1894 it was exceedingly favourable. 


i. SERIES: 


Exhaustion of Soil Nutriments by the Successive Cultivation of 
Rice and the Quantity of the Fertilizer required for the 
Soil to recuperate, as judged by the Quantities 
of Nutriments contained in the Crop. 

As already stated, these experiments were carried on in order 
to ascertain the quantity of cach of the three essential nutriments 
which the soil may yield to the rice in the plots not supplied with 
the respective nutriments but manured with the other essential 
nutriments, and to determine the nutriment required by the soil, 
as inferred from the quantities of nutriments contained in the crop. 
The plots used in these experiments were those that had served the 
same purpose in the preceding years. The quantities of nutriments 
supplied to the plots were the same every year, and were as follows 
(per tan=0,0992 hectare): 5 

1) 3 plots were left unmanured. 

2) 3 plots did not receive any phosphatic manure, but were 
supplied with 10 kilogrms. of nitrogen and 10 kilogrms. of potash. 

3) 3 plots did not receive any nitrogenous manure, but were 
supplied with 1o kilogrms. of phosphoric acid and 10 kilogrms. of 
potash. 

4) 3 plots did not receive any potassic manure, but were sup- 
plied with ro kilogrms. of phosphoric acid, and 10 kilogrms. of 
nitrogen. 

5) 3 plots received a complete manure containing 10 kilogrms. 
of nitrogen, 10 kilogrms. of phosphoric acid, and 10 kilogrms. 
of potash. 

In these experiments, nitrogen was supplied in the form of 
ammonium sulphate, phosphoric acid in that of double superphos- 
phate and potash in that of carbonate. 
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The development of the plants was essentially the same in the 
three years during which the experiments were carried on. The 
plants growing in the plots supplied with a complete manure showed 
the best development, next to these came the plants without 
potash, which were much inferior as compared with the former, the 
difference becoming more and more noticeable as the year advanced, 
evidently owing to the gradual exhaustion of the stock of potash in 
the soil. Then followed, both in point of vigour and height, the 
plants without nitrogen, which turned pale in an early stage of 
vegetation and ripened earlier than those grown in the other plots ; 
and last of all came the plants without phosphoric acid and those 
without any manure, which showed a most meager development 
and ripened a little later than the others. The average yield of 
grain and straw was as follows: 


Straw. |Full grain.] Empty Whole 


grain, crop. 
Grms. Grms, Grms. Grms, 
1892 ; Variety Satsuma. 
(Wrmanurediayen:sreen nora scuccalctar eneesrseeeenseanes 210 151 3 304 
Without phosphoric acid)2:.......+s-sesr.+-s0ea6+ 264 168 3 435 
PRMMEETIUILOC ENG ee aad. ctinoulscouceectoavnenngets 382 375 5 762 
PMR LOLASIIMMNE SD nt norsencse cst fps ckocaosice 526 427 10 963 
COMPletepdaAMULemneve. dicocee saatomerceseslueeee: 573 532 12 1i17 
1893 ; Varicty Satsuma, 
Wirtrnartunediers coseccsccecsrseceestsncu cases sberones 61 I 170 
Withont phosphoric: acids | .scccssrcassseescree oss 95 2 258 
PMMPBITLOREN cere ecuadesncstiesnescetestacsseceos 330 3) 696 
Pain DOCASTIV er nr Cn teen ae 432 5 938 
(Sloper jellies ons EWA Ubie ceric pot ceGOSOODOLPOCSEBECEUOE 486 10 1070 
1894; Variety Satsuma. 
Winn amuUned We ass <a ceadicicee den aslar atic vicaecueds 296 $ 619 
Without phosphoric acid)... 2.000) ..s.cec-0e<04e 329 16 707 
PPLE OMXOW CMe tases caecum. -edsseeatecheses teed 382 9 540 
Hye POLES, -t222. evesedeciite COR COC COOOL CAOOOH 521 17 1125 
-Complete manure ......... Meeerestiieeicet skeet: 554 16 1203 
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On 


In their main features, the results of each experimental year 
agree not only with each other but also with those obtained in 
the three preceding years, which may be quoted here for the sake of 
comparison. 


Straw, | Fullgrain.| Empty Whole 
grain. crop. 
Grms, Grms. Grms. Grms, - 
1889 ; Variety Satsuma, 
Winmanured .. Ke.easesccecesceseecessocesceecesteees 197 106 6 310 
Without phosphoric acid...........0...s0.0000ee ses 193 90 6 289 
sph A MNILLOMEN! | .reeressecceees seaedceveusioeceevsns 459 367 15 841 
59. . POlaSli.cssecucesccenssaerecesonmeome eer 714 564 24 1302 
Completeimanuxemr.c sere emer: 832 575 aT 1438 
1890 ; Variety Shiratama. 
Winmianureds yrs ssorccasencrseeterescantees aeseovees 325 277 2 604 
Without phosphoric acidis.ccsuscocscsseccsceesere: 358 261 3 621 
sjm MUENOPENV.cs.2 esas sasceseseuesteecsmccases 536 413 3 952 
so, PopOtashs, ooh. tauase ewaedeeceossastenes 770 583 8 1361 
Complete manure........... Poeiiccsecitencescieerices 975 638 8 1621 
1891 ; Variety Noniwa, 
Wramiamunred bec wcsesccsds-esseasconerceetettiocestiires 290 213 3 506 
Withoutipliosphonic aGidinsssssccdeeedeesnercne ses Qylit 271 5 647 
so, MULMOBEM! Jace otide-anscacnoste seesmeaeeres: 476 341 rs $22 
Fw VEO ce ascgncoododacnoanodconontiagsrOIGO000% 730 415 II 1056 
Complete manure............-+ sioasiisslcs pocoeauscanes 780 576 9 1365 


Thus we see, that of the three important ingredients of plant 
food, phosphoric acid is present in our soil in the minimum, and 
that a partial manuring with nitrogen and potash does not bring 
about any considerable augmentation of yield over the plots not 
supplied with any fertilizing substance. The stock of nitrogen in 
the soil is not so poor as that of phosphoric acid but it is far from 
being sufficient to meet the requirement for maximum yield. The 
supply of soil potash, too, is not sufficient for maximum production, 
but of the three essential nutriments, it is the most abundant. ‘ 
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As to the yields of similarly treated plots, some differences are 
found in such of the six experimental years, especially with regard 
to the unmanured plots and those not supplied with phosphoric 
acid ; the produce of 1890 and 1894 being much greater than that of 
the other years. This difference, though principally due to the con- 
dition of weather which was exceedingly favourable to the growth 
of the plants in these two years, may also have been due to the 
different varieties of the rice used as well as to different degree of 
development of the young plants in the seed bed at the time of 
transplantation. In the young plants used for transplantation there 
were contained for each plot the following quantities of nutriments. 


Dry matter. Nitrogen. Phosphoric acid, Potash. 

Grms. Grms. Grms. Grms. 

MGSO eres scale 2OSy 5 0.366 0.087 0.192 
LS OOis ses <a. Lgnenece es 62.66 1.774 0.334 0.653 
MOQM senate seach erin 19.00 0.364 0.07 3 0.245 
MG G)D meme iaaaels weno Serate 17.47 0.309 0.097 O.151 
BOQ Sree se ack cee ewe wecls 12.61 0.359 0.061 0.146 
ES OAM cic reicalaseneae 15.53 0.222 0.077 0.175 


The exceedingly large amount of the nutriments in the plants 
of 1890 also secured a better development, especially on the plots 
not supplied with these nutriments. 

We have now to consider the degree of exhaustion of soil nutri- 
ments caused by the continual cultivation of rice. First concerning 
the consumption of nitrogen we have obtained the following results: 


Bape Nitrogen in the dry Nitrogen pace 

matter of the whole crop. from the soil, 

mental ‘diatiore — sok bee 
year. %: Grms Grms. eae 
Unmanured 1889 1.435 3.84 3.47 
55 1890 1.078 5.66 3.89 
” 1891 1130 5.01 4.65 
1892 1.182 3.67 3.66 
- 1893 1.450 2.09 1.72 
= 1894 0.989 5.04 
Without nitrogen 1889 1,054 Fey, 
1890 0.937 5.66 
1891 0.803 6.03 
99 ie 1892 0.786 4.78 
-s 3 1893 0.888 4.96 
5 - 1894 0.852 6.05 
Complete manure 1889 1,096 13.00 
xs % 1890 0.943 10,69 
4 1891 1.002 11.57 
¥ 1892 1.026 9-39 
BS 5 1803 1.049 9.37 
1894 0.962 9.58 


In considering these results, it must be noticed that our soil is 
very rich in nitrogen, this forming as much as 0.49 % of the dry 
matter. The high percentage of this nutriment in the plants grown 
on the unmanured plots clearly proves that the stock of nitrogen in 
the soil could not to be reduced to the minimum by the successive 
cultivation of rice during the six years, and that the deficiency of 
the other nutriments does not cause a greater consumption of it. 
The percentage of nitrogen in the plants grown on the plots sup- 
plied with much phosphoric acid and potash but not with nitro- 
gen was the lowest, since the stock of this nutriment, though pretty 
large, was not sufficient to secure maximum production of organic 
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matter. According to the researches previously made by us, rice 
plants consume 62 % of nitrogen from ammonium sulphate ; hence 
its supply from the natural sources (soil atmosphere and the water 
of irrigation) would, on the same assumption, be represented by 
the following figures : 


per plot. per tan. 
TM SB Oven sae escapee cesbine' 11.56 grms. 13.9 kilogrms. 
“5 tele Ghuosodeneasaboneoeeodac 9.13 “8 I1.0 i 
fie CSO) Gace epe OMECAD aCaneCe aor OFZ) ns ay . 
ry UO conor enemas CA BHADOE OS oui af 9.3 + 
Wee ROO Qeaen sen «ase seats esis 8:00)" .,, 9.6 re 
Bee DOO cresiaten rue ste meee aneee sis OL7OM ss Tie 7, 


Thus the annual supply of nitrogen from the natural sources 
was nearly constant and amounted on the average of the last five 
years to 10.6 kilograms of ammoniacal nitrogen per tan, and would 
suffice in round number for the production of 420 kilograms of 
unhulled grains.” 


Of the nitrogen applied as ammonium sulphate to the plots with 
complete manure the following proportions were absorbed by the 
plants (in grms. per plot). 


1887 1890 1891 1892 1893 1894 
Pitie WHOle CLOp....--.90013.57 12.40 \Pl.935. 6,00 (6.63 10,10 
In the crop grown without 


PMEGO SEN aos aac vaedewse Reef? of As ee OEsO) 5:05) 5.32. "0:27 
Makemupicomthe manure. 5.83 5.03 5:54 460 4.31 3.83 
Applied in the manure...... iOS Nlonsee 6.885 8.33) 7 18.33 
Absorbed percentage of the 

nitrogen) applied! .....)+.. O3;0m 54:9 §0G,5 35:2 51-71) 46.0 


Thus on the average of the six years’ experiments performed 
on the same plots, we find the assimilation factor for ammoniacal 
nitrogen to be 56.2. 


(1) For the production of 100 kilogrms. of unhulled grain a supply of 2.53 kilogrms, of 
ammoniacal nitrogen is required, assuming that the soil is completely free from nitrogen. 
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Secondly, as to the consumption of phosphoric acid by rice, 
our researches have given the following results : 


Phosphoric acid in the Phosphoric 
Experi- dry matter of the whole Phosphoric | acid extracted 
crop. acid in from the soil 
mental the manure. | resp. from soil 
and manure. 
year. OGe Grms, Grms. Gein! 
Unmanured 1889 0.240 0.64 fe) 0.55 
oy 1890 0.165 0.86 fe) 0.53 
36 1891 0.180 0.80 fo) 0.73 
os 1892 0.242 075 o 0.61; 
1893 0159 0.23 fo) O17 
1804 0.205 1.10 fo} 1.02 
Without phos. acid 1889 0.232 0.61 fe) 0.52 
on 5 1890 0.165 088 oO 0.55 
; ISQt 0.171 0 96 fo) 0.89 
i 1892 0.211 0.78 ~ ® 0.68 
7 18093 0.179 0.39 fe) 0.33 
18094 0.201 1.25 fe) Tes) 
Complete manure 1889 0.320 4.12 18.36 4.03 
99 1890 0,206 2.73 18.36 2.40 
- 1891 0.220 2.62 8 33 2.55 
5 1892 0,256 2.42 8.33 2.32 
30 1893 0.262 2.40 8.33 2.34 
1894 0.275 2.88 8.33 2,80 


The proportions of the phosphoric acid taken up by the plants 
from the soil of the unmanured plot and the plot without phosphoric 
acid did not decrease, but increased with the lapse of years. This 
shows that the rate of the conversion of the difficultly soluble phos- 
phoric constituents of the soil into an assimilable form also in- 
creases. As stated in a former number of this bulletin® this is 


(1) This Bulletin Vol. I. No. 11. 
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principally due to the repeated mechanical treatment to which the 
soil was subjected for many years before the experiments were com- 
menced, and to the indirect action of the ammonium sulphate and 
potassium carbonate, which were liberally supplied to the plots 
without phosphoric acid. According to our previous researches, rice 
plants consume 24 % of phosphoric acid from superphosphate ; hence 
its supply from the natural sources during the six experimental 
years would, on the same assumption, be represented by the 
following figures : 


per plot. per tan. 
EN EUS OG sae san. scesess Sateen ss a2 D7 orms, 2.60 kilogrms. 
EUS OO uaacoss site doo sndveas atm ee2R2Ou 2.75 so 
Ge POO Lirnzcinie sinacleeiteenec Sratesiyal nc 4.45 ts 
Apel OOZoccisle seta cieiscleransietaeiicles LOST 3.40 - 
PL USOR i csc ECUCEE SEROTEC TALE Tee. ay 1.66 Fs 
A EOOA soc celteioie Reet Acree tl Soe mes, 5.84 BS 


Thus the annual supply of phosphoric acid from the natural 
sources amounted on the average of six years to 3.45 kilogrms. 
per tan of phosphoric acid equivalent to that of superphosphate. 
This quantity is sufficient for the production of 2.50 kilogrms. of 
unhulled grain.” 


(1) For the production of too kilogrms. of unhulled grain a supply of 1 42 kilogrms. 
superphosphate-phosphoric acid is necessary. 
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Lastly, as to the consumption of potash by rice, we have 
obtained the following results : 


) Experi Potash in the dry matter PoEen i : 
of the whole crop. in the from the soil, 
mental manure. | resp, soil and 
. manure. 
year, %. Grms. Grms. Gane 
Unmanured 1889 0.705 ° 1.89 ° 1.70 
| ) 1390 0.886 4.65 oO 4.00 
x 1891 0.595 2.64 oO 2.39 
5 1892 0.481 1.50 ° 1.35 
~ 1893 0.510 0.76 fa) 0.61 
a 1864 0.620 3:37 oO 3-19 
Without potash 1889 0.429 4.78 oO 4.59 
+ 1890 0 386 4.32 fe) 3.67 
if 1891 0.341 SYA: o 2.89 
a A 1892 0.385 3-16 fe) [3 O1 
5 1893 0.315 2.55 fa) 2.40 
oS = 1894 0.392 3.52 fe) 3-65 
| Complete manure 1889 0.710 9.25 9.18 9.06 
25 1890 0.770 10.17 9.18 9.52 
189i 0.660 7.85 8.33 7.60 
1892 0.533 5.57 8.33 5.44 
1893 0,639 5-79 8.33 5.64 


» 1894 0.638 6.69 8.33 6.51 


[ Thus we see that the crop grown with complete manure is the 
richest in potash and that the crop grown without any manure 
1 comes next, while the crop supplied with much nitrogen and phos- 
| phoric acid, but not with potash, is the poorest in the latter. This 
' proves that the stock of this nutriment in the soil is pretty large 
and can not be reduced by six successive years of cultivation to the 
minimum, but that at the same time it is not sufficient to secure 
maximum production. According to the researches formerly made 
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by us, rice plants can assimilate 50 % of potash from its soluble 
salt; hence the supply from the natural sources would be 
equal to the following quantities of potash having the same 
manurial value as that of the soluble salt. 


per frame. per tan. 
lol Sifetel®) checn be Sononsonenuede aO/0O) SEMS, 1.10 kilogrms. 
Brit L210 © aenceeennnenopsens biases TeSda oy, 8.8 - 
SAMUS O Mees epic sweriees sas chaeeeias 57» <5 6.9 55 
MSO 2p dasiaic2 setete aon c ct wesc O:O2P> 55 Wiel ns 
PRES Section. netic terelaie sels sepenes ASOn” %; 5.8 
Ph USO Rac) Sosticesncciseoctiarsian BaD mA 8.8 oe 


Thus the annual supply of assimilable potash amounted on the 
average of the results of the last five years’ experiments, to 7.5 
kilogrms. per tan. This quantity is sufficient for the production of 
5.70 kilogrms. of unhulled grain. 

By the method explained above we can easily calculate, as O. 
Kellner® has proposed, the figures which give reliable informations 
on the requirement of fertilizer by the soil. Thus according to the 
experiments hitherto made we have found that for the production of 
100 kilogrms. of unhulled rice grain, 2.53 kilogrms. of nitrogen in the 
form of ammonium salt, 1.42 kilogrms. of phosphoric acid as super- 
phosphate and 1.31 kilogrms. of potash as a salt are required. 
Now we found that after six experimental years there were still 
present in the soil 1.17 kilogrms. of nitrogen, 5.84 kilogrms. of 
phosphoric acid and 8.8 kilogrms. of potash. Hence for the pro- 
duction of 500 kilogrms. of unhulled grain there must be supplied 
the following quantities of the nutriments : 


The quantities of the nutri- Nitrogen. Phosphoric acid. Potash. 
ments necessary for the pro- 


duction of 500 kilogrms. of 
tne Patt ecu nstae «cneiss ¢ 12.7 kilogrs. 7.1 kilogrs. 6.6 kilogrs. 
The quantities of the nutri- 


ments present in the soil ...11.7 5.8 8.8 
The minimum quantities of 

the nutriments to be applied 

SPU TIES S. nsasdees cemmeteecs 1.0 13 — 


(1) For the production of 100 kilogrms. of unhulled grain a supply of 1.31 kilogrms. of 
the assimilable potash is necessary. In this calculation, the results of the experiments of the 
first year have been omitted, since in that year there was a liberal supply of soil potash, in 
consequence of which rice plants might have consumed this nutriment over and above what 


was absolutely necessary for the production of organic matter. 
(2) Die landwirthschaftliche Versuchsstationen 1892, p. 302. 
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Thus if we supply to the soil 1.0 kilogrms. of nitrogen as am- 
monium salt and 1.3 kilogrms. of phosphoric acid as superphosphate 
we can get 500 kilogrms. of unhulled rice grain without any 
waste of the nutriments. This method of calculation may of course 
be applied to any kind of crops. 


ii. SERIES: 


After Effect of unrecovered Phosphoric Acid as Sodium Phosphate. 


(Fourth and Fifth Years.) 


These experiments was performed on those plots to which phos- 
phoric acid was applied in 1889 in various proportions as sodium 
phosphate, besides much nitrogen as ammonium sulphate and much 
potash as carbonate. On these plots rice was cultivated in the 
following years with the supply of nitrogen and potash in the form 
of the same salts as before in the proportion of 10 kilogrms. of each 
nutriment per tan. The quantities of phosphoric acid applied in 
188g and those left unabsorbed as well as the phosphoric in the 
fourth year (1892) will be seen from the following table, in which, 
however, for the sake of comparison, the yields obtained from the 
plot without phosphoric acid and with a complete manure are also 
recorded : 


(1) This Bulletin, Vol. I, No. ro. 
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hoc oT ] a ° 
Phosphoric acid not Yield per frame in 1892. 


Phosphoric recovered. 

ee ee yee | cee | cook 
Z Grms. Grms. Grms. Grms. Grms. Grms. 

fo) — = = 264 168 3 435 

4.59 3-65 3-65 3-53 279 165 3 447 

9.18 6.99 6.99 6.59 266 160 3 429 

13-77 10.86 10.38 0173 263 181 2 446 

18,36 14.81 13 92 13.08 203 209 3 505 

22.54 19.32 18 09 16.95 300 229 B 532 

27.54 23 29 PV 7/8) 20.66 355 270 3 628 

Gompletemanureme.mieccceswoniore sees sen00b00e: 573 532 12 1117 


We see from the above table that the three smallest quantities 
of phosphoric acid applied in 1889 had no effect upon the crop of 
1892, whilst the residues from the larger doses produced some in- 
crease in the crop. The yield of grain by the plot supplied with the 
largest quantity of phosphoric acid was 60 9% higher than that pro- 
duced without application of phosphoric acid, but it was only half 
as much as that obtained with a complete manure containing 8.33 
germs. of phosphoric acid as double superphosphate. Similar results 
were obtained by the determination of the phosphoric acid taken up 
by the plants from the residues in the soil, as is shown in the follow- 
ing table: 


rr rr a 


Phesphoric acid grms. : i E 6 Treshly 
per frame. = 2 4 5 manured, 
In the whole crop of 1892. | 0.65 | 0.68 | 077 | 083 1.02 1.15 2.62 


Tn the crop of 1892 produc- ] 


ed without phosphoric | > 0.78 t o.78 78 | +0.78 078 | /0.78 0.78 
F:(o) (4 as nee ReCID rereeOD f \ } | 


Consumed from the resi- | } ) Urs zi lie 
dual phosphoric acid... | { i ne ene { 0.05 ee oa Fo 

Residual phosphoric acid P 

in 1892 eneenns [F553 |f 655 |f973 | 13.08] | 16.95] { 20.66] ——— 

Amount consumed, in per | } ] ) . gee 
cent of this residue,...... j uli j bogs is gece 
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Thus the residues left from the smaller doses of phosphoric acid 
were no longer available, while the residues from the larger doses 
were assimilated by the plants to a certain extent. But the freshly 
applied phosphoric acid was far more accessible to the plants than the 
residues left in the soil. In order to show how much phosphoric 
acid was assimilated from the sodium phosphate originally applied, 
the following table has been prepared : 


Phosphoric acid applied per frame 
I TSS. | GLINS, hacen cose eree ene ee 


Percentage consumption of the 
phosphoric acid originally appli- ! poe, |p pee : . 15.4 
ed in 1889 wea eeceeerseccreseceseeece 


nee eee renee ee eeee senses 


Mnithe four fyears:.e:-cs-sspccestacees 23:1 27.5 203 oS 27-3 26.3 


To study still further the after-action of sodium phosphate in 
the fifth year after its application, we cultivated rice again on the 
same plots in 1893, manuring them only with nitrogen and potash 
in the form of the same salts and in the same proportions as in the 
preceding year. The following table shows the quantities of 
phosphoric acid originally applied and those left unrecovered, as 
well as the produce in the fifth season: 
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Phosphoric Phosphoric acid not recovered. Yield per frame in 1893. 
per frame 1889 1890 1891 1892, || Straw. | grain. | grain. crop. 
in 1889. 

Grms. Grms. | Grms. | Grms. | Grms. |} Grms. | Grms. | Grms. | Grms. 
om — -— — -— 161 95 2 258 
4.59 3-65 | 3-65 3-53 353 119 71 I 191 
9-18 6.99 | 6.99 6.59 6.59 149 98 3 250 

1377 10.86 | 10.38 9.73 6.73 144 89 2 233 
18.36 1481 | 13.92 13.08 13.03 209 147 3 359 
22.95 19.32 | 18.09 16.95 16.73 198 155 3 356 
27.54 22m zie 20.66 20.29 178 132 3 313 
Complete manure iijec.: cosecetactanstaerenedeeseeeea cea 574 486 10 1069 


Thus the residues of the phosphoric acid applied in 1889 in the 
three largest doses had still some effect upon the crop. In the 
following table are shown the proportions of phosphoric acid as- 
similated by the plants from the residues in the soil. 


Phosphoric acid applied per frame > 
in 1889. Grms, } 459 9.18 


Percentage consumption of the | 
phosphoric acid originally | ; 20.5 22.8 
applied in 1889, { 


In the: five. years:.....c0se00vs00c00es3 23.1 2785 29.3 29.6 28.0 26.7 


The results of these experiments bring into relief the fact that 
easily soluble phosphatic manures show their chief action soon after 
application, but that they have but a subordinate effect in subse- 
quent seasons. These results also prove the fact that the excess of 
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the phosphoric acid left in the soil is pretty rapidly converted into 
the forms which are but difficultly assimilable by plants. It is 
consequently advisable to apply phosphoric acid, at least in the 
case of soluble phosphatic manures to each crop according to its 
want. The same fact has also been noticed by Maercker ™ with 
different kinds of soils. The conversion of easily soluble phosphates 
into the forms not easily assimilable by plants is much favoured by 
the presence of hydrated sesquioxides of iron and aluminium, which 
are present in extremely large quantities in our soils. In other kinds 
of soils the conversion will not be so rapid as in the soil under 
experiment. 


Ill. SERIES. 


After Effect of various Phosphatic Manures. 


(Third, Fourth and Fifth Years.) 


These experiments were commenced in 1890 and were con- 
tinued until last year for determining the after effect of various 
phosphatic manures. They were made with 57 plots with 9 differ- 
ent kinds of manures, so that 6 plots were used for each manure, 
3 with a small dose and 3 with a large dose, the latter being just 
double of the former, while the remaining 3 plots were left without 
any phosphatic manure. After harvesting the crop these plots were 
always left untouched until the May of the next year, when their 
soil was well mixed with water. In the middle of June they were 
supplied with 10 kilogrms. of nitrogen as ammonium sulphate and 
10 kilogrms. of potash as carbonate. The average yield of the third 
experimental year (1892) is shown in the following table: 


()Landwirthschafliche Jahrbiicher. Bd. XXII. (1893). Erganzungsband IT. p. 37. 
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Phosphoric! | Unrecoyered | 
acid phosphoric Yield per frame 1892. 
applied acid. a : ; 
per frame Kinds of phosphatic 

Se fe || mmm fom] BE Ee ee 
Grms. Grms, | Grms. Grms. | Grms. |Grms.} Grms. 
fo) ° fe) No phosphatic manure..|| 164 70 2 242 

3-89 2.95 2.792 || Double superphosphate.|} 144 7O 2 216 

7.78 6.40 5-544 oD oi 193 108 2 | 303 

4.59 3.44 3.099 |] Precipitated phosphate. 104 To4 2 300 

9.18 7.53 6.884 x - 201 II 2 314 

6.97 6.39 5.939 }] Peruvian guano.........|| 179 97 3 | 279 
13-94 13.07 | 12.135 29 7 247 145 3 395 

6.835 5.94 5-486 || Thomas phosphate...... 209 113 3 324 
mer 12.35 11.360 op a 281 171 3 455 

6.885 5-91 5-515 |] Steamed bone dust ..... 183 95 2 250 
13-77 11.66 10.744 ip 7 v5 254 165 3 422 

6.885 5.88 5-466 || Crude bone dust ....... 171 go 2 263 
13.77 11,65 10.750 35 5 197 113 SF 1h 4316 

6.855 6.43 Gi232) |WRone sash seasscsesceeene td. 190 102 3 295 
13.77 12.75 12.393) || 532 ” 180 102 2 384 

6.885 6.77 6.615 || Phosphorite .... .......... 189 98 2 289 

13.77 13.69 13.318 rf 219 120 2 341 


In 1893 the.experiments were repeated on the some plots just 
in the same manner as in the preceding year. The average yield 
per frame was as follews: 
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Phosphoric acid 


| per frame. Yield per frame 1893. 
f 


Applied |Unrecovered Reeds One ias) ase ee. Sia Full | Empty | Whole 


1 in in grain. | grain, | crop. 
| Lea tee 

{ Grms, Grms. Grms. | Grms. | Grms. | Grms. 

} fo) fo) No phosphatic manure ......... 131 71 2 =o 

| 3.89 2.792 || Double superphosphate ......... 156 92 2 250 

| | 7.78 5.721 . _ 155 93 3 251 

4.59 2.982 || Precipitated phosphate..... .....) 145 92 2 239 

| 9.18 147 97 2 246 

\ 6.97 5.035. || Peruvian! uals. eens ere 147 $9 2 238 

| 13.94 11.875 55 ¥ 181 122 3 306 

i 6,885 5-316 || Thomas phosphate...-........... 169 112 2 283 

| 13.77 10.929 rs 55 Igo 141 8 334 

6.885 5.405 || Steamed bone dust ..............]] 156 97 2 255 

OG 95 - 184 126 4 314 

6.885 5.400) iCrade one dusts emcce-eeeee 197 104 2 303 

13.77 10.473 Saeed 184 126 3 313 

. 6.885 651079 ||PBone aShteseree teen eee ‘ 130 76 2 208 

13.77 29g EOD 155 96 2 253 

6.884 6:57,Dgn||| bOspborite o..-..nsoceseeseeseeeees I51 gl 2 244 

i x 2 


In 1894 the same experiments were repeated. The average yield 


was as follows: 


| 
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Phosphoric acid 
per frame. 


Yield per frame 1894 


Kinds of phosphatic manures. Full 


Applied |Unrecovered : Empty | Whole 


in in SRN grain. | grain. | crop. 
1890. 1893. j : 
Grms. Grms. Grms. | Grms. | Grms. | Grms. 
ro) fo) No phosphatic manure ......... 269 177 5 451 
3.89 2.624 || Double superphosphate......... 246 170 6 422 
7.78 5.438 » ” 248 163 3 414 
4.59 2.898 || Precipitated phosphate ..........]/ 217 136 5 358 
9.18 6.418 = of 245 173 5 428 
6.97 5.744 || Peruvian guano...............06 283 211 9 503 
13.94 11.643 99 99 299 218 9 526 
6.885 5.142 || Thomas phosphate............... 276 196 6 478 
13-77 10.686 29 * 291 212 6 509 
6.885 5.289 || Steamed, bone dust.............. 234 167 6 407 
BOND 10.059 op 93 0 277 219 6 502 
6.885 E27 Ome ti Grude pone duStyan.-scene-sees 219 143 4 466 
13.77 10.245 +6 ” 3 280 200 7 487 
6.885 GiOshs | |/Bone ashivmarre..naecesa cae ee ee 219 140 4 363 
13°77 12.158 aoe 266 189 6 461 
6.885 G:A907)|||\(Phosphoxtters cass screvede sates: 275 202 9 466 
13.77 13.043 ” 275 209 5 489 


Now in order to see clearly the after effect of these phosphatic 
manures we have calculated the extra-yield caused by the residual 
phosphoric acid in the last three experimental years : 
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Phosphoric] Increase per frame. Increase caused. 
acid 
applie by 100 grms. of by 100 
He Kinds of phosphatic unrecovered grins. of 
per frame phosphoric acid | original 
in manure. phosphoric 
= in | in | in | in ]acid in the 
1890, 1892|1893/1894| 1891] H#5t Season 
(1890). 
Grms Grns. | Grms. |] Grms. | Gras. | Gras.] Gems. | Grms. 
3.89 jDouble superphosphate’ — 1752] — |i 6247 
hip ess oe 561 | 384) — 4524 


4.59 |Precpitated phosphate.. 913] 704] — |1424) 6688 
507|388| — |1912| 4532 


6.97 |Peruvian guano .......... 


6.885 |Thomas phosphate...... 
13-77 » >» 


6.855 |Steamed bone dust .... 


1St77 5 PS + 831] 532] 410|2084) 2768 
6.885 |Crude bone dust ....... 260 | 610] — a 3762 
13.77 ie Oe, 344 | 526] 225 a 3296 
6:885, Bone’ ashi. e.---cc oe 413| 82] — | 529] 1816 
1377 218] 204} 99] 595; | 1874 
6.885 [Phosphorite Presi cane tent 328 | 304 385 | 561 313 


We see from the above table that the after effect of various 
phosphatic manures, though perceptible in the fourth or even in the 
fifth season after their application, are not so great as one might 
anticipate. Already in the second season their action was con- 
siderably diminished, with the only exception of the peruvian guano 
which increased the crops by nearly the same proportion. Double 
superphosphate and precipitated phosphate showed a very insigni- 
ficant after-effect, and in the fifth season, not the least action was to 
be observed. Steamed and crude bone dusts showed a more long 
continued action than the two kinds of manure just mentioned, but 
in small doses they were also no longer effective in the fifth year. 
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Peruvian guano and Thomas phosphate showed their effect longest, 
the effect being still visible in the fifth season after application. 
Bone ash and phosphorite had rather a small after-effect, although 
the richness of our soil in acid humus must favour the decomposition 
of insoluble calcic phosphate. 

Now for the purpose of getting an information as to the relative 
efficacy of the various phosphatic manures we have calculated from 
the above table the following figures, taking into account only the 
extra-yields of grain caused by the smaller doses of phosphoric 


Increase of full grain caused by 
100 grms. of phosphoric acid 


Kind of phos- 


applied in 1890. 


phatic manure. 2. 3S 
Double super- 
phosphate. ...... 6247 | 7121 | 7121 | 7661 | 7661 | 100. | 100. | roo. 100, | 100 
Precipitated phos- | 6688 | 7756 | 8366 | 8824 | 8824 || 107.1 | 108.9 | 117.4 | 116.5 | 116.5 
ah 
PUALET cise thee. 4/3 
Peruvian guano,. | 2095 | 3845 | 4146 | 4405 | 4892 |] 33-5 | 54.0] 58.2] 57.5] 63.9 
beads phos- | 3093 | 5025 | 5563 | 6158 | 6434 || 49.5] 70.6] 78.1) 80.4] 84.0 
PUA ae cca decker 
Bicimed bone | 2326 | 5388 | 5664 | 6004 | 6004 |] 53,5 | 75.7| 79.5) 78.3] 78.3 
Crude bone dust | 3762 | 5229 | 5432 | 5o1r | Sorz || 60.21 734) 76.4) 77.2 | 77.2 
Bone ash.......... | 1816 | 2309 | 2687 | 2760 | 2760 || 29.1 | 32.4 37.7 36.0] 36.0 
Phosphorite ....... 


Before entering into a discussion of these results we shall con- 
sider the proportion of phosphoric acid absorbed by the plants 


from the residual phosphates. 


1892 gave the following results : 


Chemical analysis of the crop of 
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; Phos. acid Phosphoric acia 
Phosphoric acid absorbed from] absorbed from the ~ 
the residue. | original manure. 


= : = 5 E 5 E Kind of phosphatic Ss a 5 é 
A Els 8x 3 axeSe manures. Z se 3 esa Bale se 
Zope Epes, o 6) Ge ek 
= 2 eS lia a ly 
3.89] 24.1 4.1 | 2.792| Double superphos. | — = — | 28.2 ¥ 
y kod WE 7.1 | 5,944 Pe A 0.123] 2.1 1.6 | 26.4 {275 
4.59} 25-1 7.4 | 3.0c9| Precipit. phos. | 0.117] 3-8 | 2.5 | 35.0 
9.18; 18.0 7.0 | 6.884 = 5 0.185] 2.7 2.0 | 27.0 ot 
- 697) 83 6.5 | 5.939] Peruvian guano | 0.104] 1.7 | 1.5 | 16.3 
13.94} 6.3 6.7 |12.135 x 3) 0.260} 2.1 1.9 | 14.9 [3s 
6.885 | 13.7 6.6 | 5.486] Thomas phosphate} 0.171] 3.2 | 2.5 | 22.8 é 
13.77| 10.3 | 12.35] 7.2 |11.360 os 2 0.431} 3.8 | 3.1 | 20.6 ae 
6.885 | 14.2 | 5.91] 5.7 | 5.518|Steamed bone dust} 0.113] 2.0 | 1.6 | 21.5 {ase 
13.77| 153 | 11.66] 6.6 |10.744 “5 ys 0.396] 3.7 2.9 | 24.8 
6.885 14.6 | 5.88] 6.0 | 5.466] Crude bone dust | 0.060] 1.1 | 0.9 | 21.5 ri 
13 77| 15.4 | 11.65] 6.5 {10.750 2 ” > 0.277| 2.6 | 2.0 | 23.9 tees 
6.885 | 6.6 6.43] 2.9 | 6.232 Bone ash O425)| 2.00) 1-9) | eke 
13-77| 7-4 | 12.75] 2.6 |12.393 TRY USE |) 68) 9) LO!) jon 
6885} 1.7 6.77) 2.2 | 6.615 Phosphorite 0.044| 0.7 | 0.6 4.5 
13-77, ©16 | 13-69)|) 257) 1\03'318 <5 0.166] 1.3 1.2 4.5 #8 


Chemical analysis of the crops of 1893 was also made and the . 
results shown in the following table : 
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Phosphoric acid Phosphoric acid 
Phosphoric acid absorbed. from absorbed from the 
the residue. original manure 


ae a Kind of phosphatic a ee 
[e} Las) ioe) io) CO ui 
Bal aa 2 ; a we “ 
a] A a 9 Ss £ manure, 9 ro] z Sp 
& =H) its wxo ee | Gr fos] ao © Ne 
SESS a arms. s eS a ox 
i AS tee cel 1) + oS > 
4 rn) eS & ot |< 
a ao |e = Se 
oe aa | 3a te a 
3.89 | 28.2 2.792} Double superphosphate.] 0.1680 
30.8 
7.78 | 20.4 5.721 3 9 0.2827 
4.59 | 35.0 2.982 | Precipitated phosphate.| 0.0844 
33:5 
9.18 |: 27.0 6.699 c. 5 0.2808 
6.97 | 16.3 5.835 | Peruvian guano........} 0.0908 
17.3 
3.94] 14.9 | 11.875 0.2315 
6.885] 22.8 5-316] Thomas phosphate .....| 0.1740 
23.5 
13.77 | 20.6 | 10.929 » ” 0.2430 
6.885] 21.5 5.405 | Steamed bone dust ......| 0.1164 
25.1 
13.77 | 24.8 | 10.348 y Sade 
6.885] 21.5 5.406 | Crude bone dust ...... 
24.4. 
13-77 | 23.9 | 10.473 
6.885] 11.3 63107) Bone ashen. 22 ete-yehai 1-1 
11.6 
13.77 | 10.9 | 12.262 
6.885} 4.5 (635/70 PMOSPHORItC ato hex-eesesen: 
555 


Fa aalt AS WABASZ1 | 55 


Similarly the analysis of the crop of 1894 gave the following 
results : 
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Phosphoric acid Phosphoric acid 
Phosphoric acid absorbed from absorbed from the 
the residue. original manure 
aS oy Kind of phosphatic < ee 
ie) re ~ S) 190 
ion) oR = 771 A 
3 So = : 3 33 J 
- =| 22 5 5 manure. 3 aon al 
4; Ze} EN 2 iS te O/ = Xe|| TINGS Xo 
fs) 21 (es) SSS] DS Grins. % ONION GON 
D m| os a} Oo) = 2, 2 
Cale tre ey c = 29 = 
ray = = =} 2 > 
e ar s = 
ag ae 5 = gt 
is 
sts) || 2a 2.624} Double superphosphate.| ©— —- ~ 32.5 | 
| (|) 323 
7-78 | 30.0 5.438 a “7 — — — 30.0 | 
4.59 | 36.8 3.898 | Precipitated phosphate..| — — — | 36.8 
: : 3355 
Qalones Our 6.418 26 n 30.1 
6.97 | 17.9 5.744| Peruvian guano..:... 0.050 | 0.9 0.7 -| 18.6 
17.9 
13.904 | 16.6 | 11.643 » D 0.073 0.6 0.5 17.1 
6.885] 25.3 5-142] Thomas phosphate.......| 0.027 0.5 0.4 | 25.7 
24.2 
Weep 22-32 10.686 3 > 0.055 0.5 Od) |P2210m) 
6.885] 23.2 | . 5.289] Steamed bone dust...... = _— _ 23.2 
Il 25s 
12077) |" 20:9 10.059 2 OD 0.071 0.7 0.5 27.4 
6.885] 23.4 5.279] Crude bone dust...... = = = 23.4 
24.7 
ng) |) Bis Ko 10.245 55 aon aes 0.035 0.3 0.3 25.9 } 
6.885] 11.4 603 )|;>one ase eaeeer eee 53) == _— — 11.4 
| 11.6 
grit || iter HAS on 0.010 O.1 OI 11.8 
6.885] 5.7 6.490] Phosphorite .............| 0.035 | 0.5 0.5 6.2 
I] 9 
13:77 |) 5:3) 83.043 |" ton. 0.038 | 0.3 03° | 5.6 


In harmony with the action of the various phosphatic manures 
in increasing the yield of grain we find from the above tables that 
the proportions of the phosphoric acid assimilated from the residues 
are much smaller than those absorbed from the freshly applied 
phosphates and that a large fraction of assimilable phosphoric acid 
of the manures was converted in the course of time into difficultly 
assimilable forms and was simply left unrecovered in the soil. This 
fact is, as already stated, of great practical importance and warrants 
the application of easily soluble phosphatic manures for each crop, as 
we do wish rapidly acting nitrogenous manures. 
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Now assuming the assimilability of the phosphoric acid of 
double superphosphate to be 100, and calculating, on this basis, the 
relative assimilability of the other forms of phosphoric acid we 
obtain the following figures ; and we add, for the sake of comparison 
the relative increase of grains previously mentioned. 


Relative assimilability Relative increase of grains 
Kind of phosphatic _s i Las = zs [- Lee 
9 Ze \z Se ER Sn || ee Wiel | 
Sed a me ~ r=} Q 5 PRES) Fe 
a S656 | su SE ASG a ca aics NS NS ow 
Al || a tee |p et er biter rel cs fe Blase | eo ity ahr 2 
manure. OR oan | mescoan|(ree Ca eS acaliae Seon leccecnalleee On [tes eae O ere S 
SS lo |ouslo .Slotsl=S8 | 2212 lo * Slots 
S° (Sy lesaleg ae 22] 2° | SES ey Fe. 
aa Ja ao las SNe cteliecone| ree 
“= He" tend -= 60 OF) f= ico) 
Double superphos- 

PHAteraasnstaa: cect 100 | I00 | 100 | 100 | 100 100 | 100 | 100 | 100 | 100 
Precipitated phos- 

Piatehrec cave rcs: 104.0| 115.2] 124.2] 113.2] 113.2]! 107.1] 108.9] 117.4] 11.65] 116.5 
Crude bone dust....) 60.4] 73.0] 76.2] 72:0] 72.0]| 60.2| 73.4] 76.41 77.2) 77.2 
Steamed bone dust.) 58.6} 70.6] 76.2) 71.4] 71.4|1 53.5] 75.7! 79.5| 78.31 78.3 
Thomas phosphate 56.9| 72.0) 80.8] 77.8] 79.1] 49.5] 70.6] 78.1] 80.4] 84.0 
Peruvian guano.....| 45.3] 50.2) 57.7) 55.1] 57.2|| 33.5] 54.0] 58.2] 57.5] 63.9 
IBGNEL ASD. 5 .cccsonen: 27-4) 33-7 | 40:0] 35.1] 35.1]| 29.1] 32.4] 37-7| 36:0] 36.0 
Phosphorite ... ..... 7a es :6) 16:2) 0725) Tost ||| e130ll) exo14ll| 242ml), 26:2)|| 1 30,9 


The figures for the relative assimilability of the various forms 
of phosphoric acid agree very well with those for the relative in- 
crease of grain. The average of these two series of figures may 
be taken as basis for the calculation of the quantities of various 
phosphatic manures to be applied for rice under conditions similar 


to those that obtained in our experiments in regard to soil and 
climate. 
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Relative manurial value 


=e) = P 43", > | 

Ze: |e (Bes .|Sbsseene 

2 & a6 jy s 2 2ly OTSlo me S 

SS |so4 Sut Sisuyasogedd 

a Vad BRON eon acta 

sh Bee 1S WS? eho venliel aaa 
a. oa a = 
Double‘superphosphaterses-s+ss-s-eseeeee sn seeees 100 100 bore) 100 100 
Precipitated phosphate. 2s2--2-.-2--crscereoe 106 112 121 115 115 
Thomas phosphate .......... suceseteadecsdteseaes 53 71 79 79 82 
Cradeé Iboneidustinnce. a: ate eee eee 60 73 76 75 75 
Steamed! bone/dust..s:.e.ss--eses eeereereoeeeee 56 72 78 75 75 
Peruvian. guano >.........:...- Susie oot ease 39 52 58 56 61 
BONE (ASH +). cs..sssnausneccoecte hapeees ee ceeeeeeee se 28 33 39 36 36 
Phosphorite. .535...5..0:ieceecere-wer ee assesses 10 17 20 22 22 


From these figures and the explanations given in the preceding 
pages the results of the five years’ experiments on various phosphatic 
manures with paddy rice may be summarized as follows. 

(1.) Of the various phosphatic manures in our experiments, pre- 
cipitated calcic phosphate, which in our case consisted chiefly of 
dicalcic phosphate mixed with some tricalcic phosphate was the 
most effective. Its action was most efficient in the first year of its 
application, while in subsequent years the effect was considerably 
diminished and in the fifth year not the least action was to be seen. 
The superiority of this manure over superphosphate, though not 
great, was distinctly seen. This fact has been frequently observed by 
several investigators and may be due in our case to the extreme rich- 
ness of the soil in hydrated sesquioxides of iron and aluminium, by 
which the easily soluble monocalcic phosphate of the superphosphate 
is more readily converted into the basic compounds which are diffi- 
cultly assimilable than the dicalcic phosphate contained in precipit- 
ated calcium phosphate. Considering that precipitated phosphate 
can be obtained cheaper per unit of phosphoric acid than superphos- 
phate, the conclusion is unavoidable, that the former is a more 
economical source of phosphoric acid for paddy rice than the latter. 

(2.) Very similar though somewhat inferior to precipitated phos- 
phate was superphosphate, whose action though great in the begin- 
ning did not continue long and was wholly inefficient in the fifth 
year after its application. The great solubility of the phosphoric 
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acid contained in this manure warrants its application for soils with 
a medium absorptive power, since in soils with a low absorptive 
power too great distribution is effected while in those with a high 
absorptive power, a rapid conversion into basic compounds takes 
place, neither of which is favourable to the absorption of phosphoric 
acid by plants. 

(3.) The two kinds of bone manure, steamed bone dust and 
crude bone dust, were also very effective. Of these steamed bone 
dust proved to be somewhat less effective than crude bone dust in 
the first year, probably owing to the loss of some of its gelatinoid 
substance ; but in subsequent years the former acted a little better, 
so that the two became axactly same in effect. These manures 
acted somewhat rapidly and showed excellent*results for surpassing 
those observed by European investigators. The same results were 
observed still more distinctly in our experiments on the upland 
soil.” This proves that in countries with warm climate and 
copious rain as in this country bone measures may be used ina 
crude state with advantage. 

(4.) Thomas phosphate was found to have a long continued 
action, its effect being still observable in the fifth year after its 
application. This manure was a little inferior to bone manures in 
the first year, but in subsequent years it acted better so that when 
the after effect is taken into account, its effect is a little greater than 
that of bone manures. 

(5.) Peruvian guano, bone ash and phosphorite were also found 
to have a long continued action, but it was very slow, in spite of the 
richness of our paddy soil in acid humus which favours the de- 
composition of insoluble calcic phosphate. 


(1) This Bullettin Vol. I. No. 12. 
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YIELD OF THE SINGLE PLOTS. 


J. SERIES. 


Unmanured, partial and complete manure. 


i892 


Unmanured os. ca oes 5 ee ee ee 


II Without phosphorne acid’. 2s ee eee eee 
35 


Without nitrogen 


ee ee a 


12 Complete manure = 222-5 40- oe PERNA ORS os ana 


36 = 


1893 


Ss Unmanured |... 3. Jee ee ee ee eae 


61 = 


Ii 'Withont phosphone acid 9.2... J. oe ee eee ee 


35 23 +B) 33 


No. 
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Straw. Full 
gram, 
Grms. | Grms. 
Without imo ents n yA ccrenleverasia eelciasisiee tie sree 346 
326 
” 9 4Il 
NiitheaespOrashinas mete alee eo nae s oe, w.| S74 
3 33 387 
= 543 
Completesmanuse te v.canetnas et) aiecr «yee cio osio s 613 
PE 9 4458 
, 662 
1594 
Wisraiplieel ac ndo soohpomodoasocoe er conenecteo|) aan 
” 313 
32 a2 309 
Without phosphoncacidien niin terr ciecinene erie 394. 
3 * iG 414 
aH tr 287 
WEI OUE IMILOC ENA se crnecaen oe wets eren ocd hie tict Beal CA 
; 437 
” 499 
VE ena bY POCASIIpey arte cesciaie arierore ses a ncrclot sraqe ahve ae 650 
3 4 507 
» » 605 
Conmpletetmipmurclaay nach crcieeinievctacie as Meiialel mae etaic 630 
” ’ Ort 
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Empty 
grain. 


Grms. 


i| 


plot. 


ey EE EE———————EEE ss 
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Straw. 


Grms. 


II. SERIES. 


Unrecovered phosphoric acid applied in 1889 


as sodium phosphate, 


1892 


grms,. unrecovered P, O- 
25 


grms, 
9 
” 
grms, unrecovered P,, O; 
* 
2? 3? 99 
ermsjunrecovered 5 OF wey eesti 
”»> 39 
> 29 
. unrecovered P, O; 
9? 9? 
. unrecoyered P,, O; 
” 39 
.) 
1893 
. unrecovered P, O, 
> 39 


” 39 


. unrecovered P, O, 


5 


Full 


grain, 


Grms. 


Empty 
grain, 


Grms. 
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No. Straw. | Full | Empty 
of grain. | grain. 
plot. Grms. | Grms. | Grms. 
29 OVS Coane, wundsaoriarcdl I, (OR So 5oaue cbeoasuecr 126 80.0 1.5 
39 29 ) oF 166 99.0 1.5 
44 Dp =e » » 83.0 2.0 
3° 13103) OLMS MUNLECOVELEd sera OL” wetieriacicrseiere)<l-icie sis 90.0 2.0 
40 A) ak os p 138.0 355 
45 So Se A is 212.0 ss 
i LOGE, fades, winixesoeiedl 1 (Oe. oa pacdogocsnecdess 160.0 3.0 
24 - a 7 a; 150.0 3.0 
31 20129) SEIS UMLECOVeEred, PS i OP) .ieis erie i ae 125.0 2.0 
41 F é } 128.5 2.5 
46 alee 5 143.0 4.0 

Il. SERIES, 
‘J Unrecovered phosphoric acid from various 
phosphates. 
1892 

I IN EC NO) epede staf iar raGaeree cfevareiomsn state aie eiaye siete rts esis 3 66.0 1.6 
39 ” ’ 86.0 1.5 

4 Double superphosphate, single dose.........+...... 53-0 18 
23 ty op * 36 67.0 1.4 
42 a e as 3 88.5 1.9 

5 . 55 doulbledose ays lta eee 134.0 Dy 
24 ) 4 39 82.0 197 
43 » . ) cf 107.5 1.8 

6 Precipitated phosphate, single dose ...............- 12.50 2 
25 y % ” af 84.5 1.6 
44 » ” Y) op 103.0 2.0 

7 99 5 doublerdose 7-45 scistoenicier 122.0 2. 
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No, Straw. | Full | Empty 
grain, | grain, 


ot 
plot. Grms. | Grms. | Grms. 
45 Precipitated phosphate, double dose ............... 192 93-9 2.5 
82 Retuvian ieuano, single rdoseme ppiecnitiseeieteieie ieee aaa 83.5 2.5 
27 ” » » >» 159 $2.5 2.0 
49 2 a 2 os 221 120.0 355 
Q2 5 x doulblerlosesyerrieciier ie erates | Meee 13L0 2.9 
28 a me =n a5 212 116.0 2.8 
47 2 5 59 35 288 186.0 40 
Io Thomas phosphate, single dose ............. goonnal| B25 102.5 2.4 
29 93 5 33 = 119 113.0 2.6 
48 fs ne ss sis 223 123.0 2:0 
Ii * s COWISIAGORS Gaoaoadecadusssosa| 2a 1390 2.4 
39 » » » % 307 203.0 3.0 
49 = > » >» 300 171.0 34 
12 Steamed bone dust. ssinGle cd ose:smer seein eats nett Mas 90.5 2.2 
ai 9 99 ” ” » 205 113.0 2.5 
50 3 5 > 9 » 176 82.0 hf 
1 » 5 Spe COU Ded OSes meee eee ao asol| Zul L730 35 
32 ” ” ” ” ” 252 164.0 3.5 
51 ” ) ” ” ” 245 159.0 3:4 
14 Grudejboneidust psincle(doses n-ne eine eer 170 88.5 Fae 
33 ” » ; >» ” ” 170 102.0 1.9 
52 » » » >» 7s $0.0 1.8 
1g * - 55 Pdoubleidosesyemrnn cemeincine cite 192 107.0 1.6 
34 >» » > Sys 193 113.0 2 
53 » » » 7 sa 206 119.0 BY 
16 Bone ashyssin cle. lose ert ee meee teeta eee 119 47.5 1.6 


7 »” » double dose........ SIMs Mono a8 whee heypie 158 72.0 1.8 
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No. Straw. | Full | Empty 

OF grain. | grain, 

plot Grms. | Grms. | Grms, 
36 Boneashy Gdoubleidosese. meri cre 156 87.0 1.9 
55 ey) » 226 147.0 3.0 
18 iPr oxenone SO GOES 6 sadposauanepoobecouadod 179 81.0 2.1 
37 3 of ; 172 87.0 PIs 
56 30 wh a 216 125.0 2.4 
19 | 55 doubleidose vars so.ty scan ec 239 136.0 2.4 
57 x eee 203 103.5 2.3 

1893 

Na Tyo rsllgn Gu tele ne RL Oh Naw 5 ry RE 119 65.0 1.0 
28, eos (95) | (44-5) | (2.0) 
39 : oa 142 76.0 2.0 
23 Doubléisuperph’; sincleidosers.. 4.5... see ose 155 $9.5 2.0 
42 0 3 % 157 95.0 2.0 
5 3 he doublerdosey a1..o8 etn ween 137 87.0 1.5 
24 % ; : 119 57-7 1.5 
43 ” » ” ) 209 134.0 4.5 
6 Precipitated phosphate, single dose ................ 121 64.0 2.0 
25 ” ys yi; % 136 87.5 2.7 
44 ” 49 p 178 123.5 2.5 
i] 3 doubleldosewaryteste ernie tt 124 74.5 1.5 
26 5 +e ‘ess 127 75.0 2.5 
45 ” ” i ¥ 189 141.0 2.0 
8 Reruvian guano, single dose. .).......+....0%.0+- 98 49.0 1.5 
27 ” ” » » 139 75.2 3.0 
46 » »» 9 , 204 143.0 2.5 
9 Ms BaP edoubletdases arias cence soreisete arcs 164. 103.5 1.7 
28 ” » » ” 200 141.0 aus 
47 ” » » ” 178 122.0 Bary 
10 Thomas phosphate, single ‘dose ...............06 161 113.0 2.0 
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No. tray Full | Empty 
ne grain. | grain. 
plot Grms, | Grms. | Grms. 
29 Thomas phosphate, single dose.........-.....-.:-s 185 121.5 2.0 
48 » 09 Sey 360 | 102.5 2.5 
II 39 5 double dose si-p ses teen 203 144.5 2.0 
30 » » , » 207 177.0 3.0 
49 » ” * 166 I01,0 3.0 
12 teamed bone dust, single dose............... 158 1025 2.5 
3! » * % 55 : 164 105.0 2.0 
50 >» > 99 , + 145 84.0 2.0 
13 “5 “4 Fr GOUDLEIdOSEL as einerehiee nee 171 Ti4.0 2.0 
32 x £ Be A. ye 226 170.0 6.7 
51 ap 2 a ; a “155 95.0 2.0 
14 Crude iboneidust; single doseie) eerie seen ere ee 120 68.5 ¥.5 
33 » Ap 5 ; 181 123.0 39 
52 “5 Ae hiss 55 5 192 121.5 2.0 
15 3 -- #2. tdoubledosessnn- te cee ere 157 102.0 2.0 
34 e 55 ee pe ? 227- | 160.5 | 25 
53 > 299 99 : 169 117.5 3. 
16 Bone:ash:; ‘single dose) sciz% oan seme) aoe eerie ete 92 48.0 2.0 
35 Pre) > > 178 106.3 2.0 
54 9999 BS 32 119 74.0 DS 
17 Wi spe -Couble. doses: Saaeesiiot ees aoere ieee 137 77.0 2.0 
36 eee Gee: Ga 171 | 110.2 2.0 
55 ee » > 156 101.0 2.5 
18 Phosphonitessingle: doses. reeerceremeirel telas Bal) ati gi.0 2.0 
37 * 9p 175 105.2 3.0 
56 9 Oe 126 75.5 | 2.0 
19 of double dosey ae ecceerteonactan see 124 | 69.0 | 2.0 
38 » apess 209 | 132.5 335 
57 » » PY) 139 76.5 3.0 


No. 
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Peruvian guano, singl 


2? ”? 9 
29 th) 22 

a double dose 3 
” ” ”) 
” oe) ” 
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», double dose.,.... 


9 ” 29 


© GOse 


> ” 7 
+ I} 3? a? 
- double dose . , 
39 br) +) 
99 99 9? 


Steamed bone dust, single dose. . 


Straw. 


Grms. 


Full 
grain, 


rms, 


179.5 | 


140.0 


199.0 


203 5 
181.0 
249.0 
249.0 
168.0 


237.0 


Empty 
grain, 


Gris. 


5-5 


1.0 
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5 0 
» We > » 
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api 4 a3y JCOMbIETM SEY. eyo oe ee Eee 
Dy » 
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On the Consumption of Water in Rice Fields, 
BY 
I. Inagaki, Vogakushi, 
Professor of Agriculture in the Higher Normal School, Tokyo. 


With plate XV. 


It is well known that rice requires more water for cultivation 
than other cereals, but there is as yet no quantitative study on the 
subject. I therefore undertook to measure during the main 
vegetative period of rice (June 18—October 20) last year at in- 
tervals of 2 or 3 days, the quantity of water evaporated from the leaves 
and stems of the rice plants in the field of the College of Agriculture. 
The apparatus I used for this purpose is roughly shown in figure I, 
Plate XV, in which (W) is the outer wall of a room, and (A), a part of 
the apparatus, is placed outside the house inthe open air, while (B) is 
placedin the room. (A)isacylindrical zinc pot having the diameter 
of 25 cm, in which one batch of rice is planted. The height of the 
pot-stand can be regulated by means of three screws. (B) is a very 
long (1.5 m) cylindrical zine bottle in which a certain quantity of water 
is always keptand carrying a graduated gauge (a) by means of which 
the height of the water can be easily measured. This bottle is thus 
simply a modification of a Mariotte’s bottle. If we place the lower 
end of the tube (b) on the same level as the surface of the water in 
pot (A), the water of the pot will remain ata constant level. Asthe 
water evaporates from the pot, an equal quantity passes into it from 
bottle (B) through the tube (c); so that we can measure the water 
evaporated from the pot by!reading off its diminution in (B). But 
as the quantity of water evaporated from the pot is not altogether 
equal to that of transpiration from the plant, we must deduct 
fromthe measurement thus made the quantity of water, evaporated 
from around the stems of the plants. This is done approximately 
by measuring the area of the water surface in the pot at 
intervals of 2 or 3 days and calculating the corresponding evapo- 
ration of water by means of a common evaporimeter placed by the 
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side ofthe pot. (C)isan accumulator of the water that has overflown 
from (A) after rain, wind, and diminution of atmospheric pressure. 
The quantity of water collected in (C) is not to be neglected, as it 
sometimes amounts to a factor of some importance. If we deduct 
the quantity of rain taken from the ombrometer, from the quantity 
of water collected in (C), the difference is exactly the quantity 
of overflow due to wind or diminution of atmospheric pressure. 
This quantity is also to be deducted from the measurement as made 
by reading off the gauge. Then the remainder is the actual amount 
of transpiration from the rice planted in the pot. 

In the course of the experiment made last year I became aware 
of three points in which the apparatus could be improved, excluding 
at the same time all sources of error and increasing its usefulness 
for practical purposes. The following changes were therefore 
made in the apparatus this year :— 

(1.) The side mouth (d) of the pot (A) was arranged, as shown in 
Figure II, (e), so that the water level could be easily regulated by 
means of a screw (f). By this new arrangement, the inconveni- 
ence arising from overflow was obviated, and the 3 screws for the 
pot-stand could be dispensed with. 

(2.) A drain tube (g) was fitted to the pot (A), by means of which 
about 250 c.cm. of water, the quantity to be deducted from the 
measurement as made by reading off the gauge, is drawn out from 
the pot every day. This arrangement was made because in ordinary 
rice fields there is a loss of about an equal quantity of water by trans- 
mission through the soil, and this transmission seems to me to favour 
the growth of the crop by avoiding the bad effect of stagnation. 

(3.) Several batches of rice were planted in the pot, so as to 
secure as nearly as possible the conditions that obtain in the field. 

This arose from the consideration that in general the evaporation 
from an isolated plant as (A)in Figure III is always larger than that 
of a plant surrounded by other plants as (B), since in (A) there are 
4 open sides (a, B, 7, 0) besides the upper surface (a), whereas in (B) all 
the 4 sides are mostly covered in by the surrounding plants. Hence 
we can not obtain the transpiration-water for 9 plants, such as are 
shown in (B) by simply multiplying the quantity of transpiration from 
one isolated plant by the number of plants in the batch. It has 
long been a mystery to scientists that the quantity of evaporation 
from a certain area of a cultivated field during the period of vegeta- 
tion always exceeds very much the quantity of rain that falls down 
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on the same area; but this apparent mystery must be due, as Dr. 
W. Detmer says,“ to the error above pointed out of calculating the 
quantity of evaporation from the results of experiments made in 
small plots with isolated plants, by simple multiplication. If we 
equalize as much as possible the conditions of the plants used for 
experiment and those of the plants in ordinary fields, the quantity 
of evaporation from the plants used for experiment will perhaps 
decrease, and the result of multiplication of this quantity by the 
number of plants contained in a certain area in the field will not 
show such a great discrepancy with the quantity of rain that falls 
on the same area. This remark I owe to Prof. Dr. D. Kitao, my 
tedehers \ 

The rice experimented on last year was Shiratama, a sort of var. 
Japonica, the seed of which I selected by a salt solution having the 
specific gravity of 1.12. The selected seeds were steeped in water 
on the 25th of April, and were sown on the 5th of May. I planted 
15 seedlings in one batch in a pot on the 18th of June. As already 
stated no water was drained in this experiment through the soil in 
the pot. The plants grew, however, apparently in a normal 
condition, sending out 19 shoots between the Ist and the oth of 
September, and ripening on the 20th of October. The quantity 
of water evaporated from the plants and from the ordinary water 
surface during the experiment was as follows :— 


Evaporation of water from 


Date. 


, fan bis 
Weather. Shee) GS) ap | cS ax 
ST tet | hs alicete 
He G st fey |] yy SBE 
(noon—noon) tye) 6S) | faa 
Sie Ge oA 
18. June—zo. June. Clear. 12.4 0.054. 
ZOWE 551-22: 55 Cloudy and a little rain. 3.8 0.021 
22, 2A 25, Clear. ‘Val 8.6 0.057 
24. 4, —26. a Clear except one single shower. 10.8 0.046 
2 Cee ZO ss Clear. 11.2 0,034. 
235) 9557 ==30: F 4; i 10.7 0.088 
30s eee uly’, 5p E22 0.040 
2. July — 4. PF, a 12.6 0.170 


‘ 


(1) Die Naturwissenschaftlichen Grundlagen der allgemeinen Bodenkunde, P, 245. 
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Evaporation of water from 


Date. Weather. 


(noon—noon) FS FB oe ee lg 

4. July — 6. July. Cloudy and a little rain. TD 0.167 
(Se SE toh, wea Clear and cloudy. 7.7 0.306 
ey op =O, op Clear, 10.1 0.299 
Oe MGS IY 99 14.3 0.380 
120) 55 —I4 G5 14.6 0.638 
14s, ys 110 aes 55 14.2 ; 0.620 
EOs) 5,0) 18s. Gs Cloudy and a little rain. 12.3 0.752 
Rh OL “4 ane 9.1, 0.451 
ZO 655 230 Clear except a little rain. 15.5 0.769 
2225S Clear, 12.2 0.710 
DE et s3 270 Clear except a little rain, 9.5 0.829 
278 a3) 2059" 5 Clear, 12.4 0.818 
As 5 Eig Cloudy and a little rain. 10.0 0.628 
31. 5, — 2. August. | Clear. 10.4 0.715 

2. August.— 4. _,, Cloudy and rainy, 6.6 1.087 

A; | — 0s Clear. 13.5 0.402 

Oe eh gs 14.8 1.211 

sy TIO, 3 14.3 1.336 
1058) G50 —=13" a 20.2 2.048 
135 bw) Sass Cloudy and rainy. 12.3 0.679 
1 as 1 A sake 6.1 0.406 
io sp == iO), oF Cloudy and stormy. 13.2 0.555 
19s) o>) 2 20 ays Cloudy and rainy. 4.3 0.969 
2ivtings5) 0235 aes Cloudy and a little rain, 8.3 1.087 
23min 025 tas Fine. 11.4 1.374 
ASS eye ==. op Cloudy and a little rain. 6.1 0.941 
D708 iy) 2054s Cloudy and rainy. 4.2 0.745 


29. 5 —3I. 3, Clear except a little rain, 8.3 1.169 
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Evaporation of water from 


De Weather. 5 ts g 2 8 a 32 

see | oles 

(noon—noon) 5 Bees gS a is 
31. Aug. — 2. Sept. Clear except one single shower. 0.770 
2 Sept. —— 4. 45 Clear, strong wind anda little rain. 1.059 
Anas) -— 6s Sept. Clear. 1.120 
One =O. aly, sf 1.395 
a 10s 5, Clear, often a little rain. 1.066 
10 » —I2 ” oF on) En ach a 0.754 
Dy bos) FLAS Fine, 0.853 
Wile hye eC eh Cloudy. 0.972 
16293, —1S. 5, Cloudy and rainy. 0.880 

ie ay, oe Cloudy and a little rain. 0.57 

20 55) 225 55 Cloudy and rainy. 0.434 
2 2, iy 1 eae 0.548 
25s 33) ae 39 . ae ie 0.490 
2 G2) 29> 98 Cloudy. 0.698 
29. ,, — 2. October.| Rainy. 0.893 
2. Oct. —4. ,, Cloudy and rainy. 0.590 
Ae tei 93 Rainy and fine. 0.518 
(cmos a O39 Clear, 0.511 
Ch Ji ba Bs 0.494 
Mice 035 5s Cloudy and a little rain. 0.110 
US es TOs, Cloudy and rainy. 0.143 
Ove ss lon 5 i 5S - 0.121 
Seams 2 ON Cloudy and a little rain. 0.081 


SULDNCLZANAAVS)¥,eeansasceencuanaimursneitedneesennaavens ad 


As 135,000. batches of rice are commonly planted on 1 ha in 
Japan, and as each batch covers, during its main vegetation period, 
the space of about 16 sq. cm. on an average, we see from the above 
table that in 1 ha of rice field daily about 41 cb. m. of water eva- 


aa 
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porates from the plant itself, and 42 cb. m. from the surface of 
the water in which the rice is cultivated. 

To obtain the actual quantity of water necessary for rice- 
culture, we must, however, take the filtration water into considera- 
tion. It is said that 50 cb. m. of water per day, is commonly lost 
per ha in this way, so that we have, by adding 50, 

41+42+50=133. cb. m. per day, per ha. 
or 1.539 litre per ha, per second. 

But as a matter of fact all this quantity of water is not needed for 
irrigation, because there is a supply of rain, which according to the 
observations of the Central Signal Office in Tokyo, amounts on the 
average of 18 years, to 0.582 litre per Ha, per second during the 
main vegetation period of rice. Deducting this quantity from the 
above figure we have as remainder the necessary quantity for 
irrigation : 

1.539—0.582=0.957 litre per ha, per second. 

I have studied the subject also practically in connection with 
irrigation water in Iwashiro district which I have personally in- 
spected. There the water is supplied from Lake Inawashiro through 
a large canal which divides itself into 8 during its course. The 
quantity of water that passes through each of these branches and 
the area of the rice fields irrigated by it is shown in the following 
table : 


Area of irrigated field. Water passing through per 
Branch of Canal. 
ha. second, in litres. 
1st Branch. 713.658 704.536 
2nd aes 992.927 ~ 932.688 
3rd 5% . 341.712 276.601 
4th ‘ 251.141 293.077 
5th 35 1579.701 1884.364 
6th ss P 133-492 99.165 
7th eae 170.208 181.581 
Silt fc; 252.855 366.002 
Sum. 4435 689 4738-014. 


a a ST 
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From these figures we see that the quantity of water required 
for rice culture is: 


max. min, average. 
1.447 0.743 1.068 litre per ha, per second. : 
Hence I conclude that the consumption of water in rice fields is 
smaller here in Japan than in Italy, where, according to Cav. 
Patriarca,™ the following quantities are required for irrigation:: 


On very heavy soil 2.081 litre per ha, per second 
On heavy soil PEO OSH eas eras S59 ww fis y 
On mean soil BPASOn Sema: Ws r 
On light soil G7 S aa eres © fy ry a ae 
mean 2.637 litre per ha, per second. 


This difference in the two countries is mostly due to the 
difference of climate, especially of moisture in the air. I can not 
say at present that the transpiration from rice plants is much affected 
by climate, but the evaporation from the water surface must vary, 
of course, with the hygroscopic conditions of air. In japan the air 
in summer is very richly loaded with the moisture (76—94 9 on an 
average during summer) carried hither by the S. and S.W. monsoon 
from the Pacific Ocean. In Italy the case is quite different. There 
prevails in summer a S. wind, which is naturally very dry, coming 
as it does from the hot continent of Africa over the Mediterranean 
Sea. Moreover, the wet wind coming from the north is entirely in- 
tercepted by the Alps, and the moisture is mostly condensed, 
leaving only a moderate quantity to pass over the peninsula during 
summer (dampness being 52—69 %). 

The moist condition of the air in Japan leads me to believe that 
this country is favorable to the cultivation of the plant, because the 
vapor in the atmosphere not only diminishes the loss of the water 
of irrigation, and gives us a natural advantage but also gives off its 
heat of condensation to the soil at night and thus protects the plant 
from the injurious effect of nocturnal cooling. The temperature is, 
however, (relatively) lower in Japan than in Italy, being influenced 
by that of the neighboring Asiatic continent. Why the rice, despite 
of this, can be cultivated so far north as 43°, where the mean tem- 
perature in summer is only 18.5° C, is explained by three reasons, 
viz :— 

(1) Severe cooling at night is avoided by the heat of condensa- 
tion of atmospheric vapor. 


(1) Vergl. Markus, d. landw. Meliorationswesen 1881. S. 59 
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(2) The constant gain of heat by condensation on the part of 
the soil. 

(3) The comparatively small loss of heat from evaporation due 
to the wet condition of the air. ; 

It is for these reasons that such a tropical plant as rice has a 
relatively wide distribution in Japan, and forms the staple product 
of the country. 


Balk Agric. Coll, Vol. Wily Ply xvi 
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On the Number of Rice Shoots. 


BY 
I. Inagaki, Mogakushi. 


Professor of Agriculture in the Higher Normal School, Tokyo. 


The number of shoots that spring from a single rice seedling 
varies greatly according to varieties :— thus with Shinriki to—25 
are the commonest numbers, while with Shiratama they are only 
5—12. The number also depends to a great extent, on climate, 
soil, manure, the temperature of the water with which the fields are 
irrigated, the mode of cultivation, etc. The number of the seedlings 
planted together in a batch has also, without doubt, an important 
effect upon the number of shoots produced by each. Eor example 
the experiments made with “Shiratama”’ by the Tokyo Agricultural 
Station gave on the average of 12 trials, the following results :-— 


from a single isolated seedling.........11.3 shoots 
,, 2seedlings planted together... ...12.8 _,, 
ey oe) ” ” ” 14.2 ,, 
8 i f 5 LO5a 5, 
ees » : 3 hove, 
», 10 1 i “0 20 V/s: 


Although these figures show a gradual increase in the number 
of shoots, yet the increase is not proportionate to the number of 
seedlings planted. There is seen, on the contrary, rather a relative 
diminution in the number of shoots with the increased number of 
seedlings contained in a batch. This relative diminution must arise 
from the inefficiency of the assimilation process, since the more seeds 
a single batch contains the greater must be the deficiency of manure, 
air, and light for a single seed. On these data, I propose to develop 
a method of calculating the number of shoots that grow froma given 
number of seedlings planted in a batch. 
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Suppose, in the above diagrams, that the small circle (A) is the 
plot of land occupied by one seedling, and that the large concentric 
circle (B) denotes the cross section of the imaginary cylinder, the 
surface of which is equal to the actual surface of assimilation in the 
plant. In the case of figure I, we may suppose, that assimilation 
takes place at every point in the circumference of the circle (B), while 
in figure II or III, where 2 or 3 seedlings are planted together, 
assimilation can take place only inthe arcs (abc) and (c da) or 
(a b c) (c de) and (e fa), respectively, and not in the other arcs of 
the circles such as (a ec) and (c fa) or (a gc), (c k e) and (e ha}, 
where air and light, are entirely cut off by the outer arcs. 

As every new particle in the body ofa plant is always produced 
by assimilation, the number of shoots that spring from a seedling 
must necessarily be proportional to its surface area of assimilation, 
thus :— 

The number of shoots sent forth 


SS 
from I seedling\ ® /from 2 seedlings\ ® (ees 3 oe : &e 
(Sie single ) = (Gore together) ® \planted together} ® ~~ 


see ee ) ® /figure I, ) ® / figure III, ares ) wee 
SEM NICicCle bye abc+cda ®*\abc+cde+efa/ © 
Taking the circumference of the circle (B) as 1, the correspond- 
ing length of the arcs (a bc+c da), (abc+cd e+e fa), etc, are 
as follows: 
The assimilation surface of one seedling planted single....1. 


The assimilation surface of 2 seedlings planted together. 2-2C 


” ” ” 3 ” ” a 2.5-3C 
” ” a9 4 ”) ” ” 3.0-4C 
oe) ” ” re) ” ” ” 3.5-5C 
5 ce 54 Ae) is #5 3 4.0-6C 
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” 9 ” 40,9 a 55 5 4.0-6C 
fed du 7D 5 ” dy) ” 4.5-7C 
y ” . mo a iG Pay Oats] @ 
» 9 rm 5,10 50 9 3 5.0-8C 
” ” x) AS Ge ” 9 &c. 


Now we can easily calculate the number of shoots that 
spring from a given number of seedlings planted together, by 
multiplying the number of shoots produced from one _ isolated 
seedling by the sum of the corresponding arcs. The factor (C) is 
arc, cos. > ‘ : 
pe ame —, in which 7 denotes the radius of the small 
circle (A), and (R) that of the larger one (B). Its numerical value 
must, of course, vary according to the kind of rice, climate, soil, ma- 
nure, etc., and is found out by experiments carried on, on the same 
ground, after.the same method. If, for instance, 11 shoots are 
produced from a single isolated seedling, and 20 shoots from 10 
seedlings planted together, the value of the factor can be calculated 


from the equation, 


equal to 


I 11 
5—8C 20 
I here quote the number of shoots calculated in accordance with 
the principle above explained, and the number actually observed 
at the Tokyo Agricultural Station during the years 1892 and 1893 ; 
and a comparision of the two will enable us to form an estimate of 
the value of the theory above enunciated. 
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Name 


of Homura. Zaruya. Otsubu. Shiratama. 
Rice 
TT i i Tl. |. i 
32 Number of shoots | Number of shoots | Number of shoots | Number of shoots 
ee 
= be i J = i 
ws © o o 5 
‘ga | & |eale’d| diff. | §& |cale’d| dif. | & |cale’d| diff E | cale’d,| diff 
sw] & z z z 
A fo cc c 3 


I 9.8 9.8 fo) 13.8 | 13.8 fe) T07) || eles fo) uniggy || ets? |) Co: 
EPA Ghee | Eronie Piety |) Ts fo) 14.7 | 14.4 | -0.3] 12.8] 13.6 |+0.8 
3 13.0 | 12.1 | —O.9] 18.2 | 16.3 | —1.9] 16.3] 15.7 | —0.6| 14.2 | 14.8 |+0.6 
4 12.3 | 12.9 | +0.6] 16.3 | 17.2 | +0.9| 17.8] 17.1 | -0.7] — 16.0 | — 
5 13.0 | 13.6 | +0.6] 17.8 | 18.0 | +0.2| 17.0| 18.4 | +1.4] 16.5 | 17.2 |+0.7 
6 14.0] 14.4 | +04] 18.2} 18.9} +0.7] 18.2] 19.8 | 41.6] — 18.4 | — 
7 13.8 | 14.4 | +0.6] 17.9] 18.9 | +1.9] 20.3 | 19.8] -o5) — 18.4 | — 
8 Hig || ise fo) LOV7 a Lous, fo) 21.7 | 21.1 | —0.6] 19.4 | 19.5 |+0.1 
9 15.7 | 15.9 | +0.2] 23.2 | 20.5 | —2.7| 22.2 | 22.5 | +0.3].— | 20.7 | — 
10 15.9 | 15.9 oO | 20.5 | 20.5 oO 27ah3, || 2Ads oO) | 20574)| 20773 | ato 
ot 0.422 0.439 0.385 0.396 


Name 
of Shina. Kyo. Yoro. 
Rice. 
Fs 3 Number of shoots Number of shoots Number of shoots 
as 
ae 
 & — o <= 
26 S) 3) ) 
2, E cale’d. | diff 5 cale’d. | diff. E cale’d. | diff. 
2s L z ve 
Ax C O o 
I 16.9 16.9 fo) Hiei 11.1 fo) 14.0 14.0 fo) 
2 20.5 20.4 —0.1 11.8 13.4 +1.6 14.8 16.1 +1.3 
3 23.4, 22.1 —1.3 13.8 14.5 +0.7 15.3 NAL +18 
4 — 23.9 — — 15.6 _ — 18.1 — 
5 25.9 25.6 -0.3 14.4 16.8 +2.4 19.0 19.2 +0,2 
6 — 27.3 — — 17.9 — _— 20.2 — 
7 — 27.3 — — 17.9 -- os 20.2 — 
8 27.7 29.1 +1.4 18.4 19.0 +0.6 22.0 on ie —0.7 
9 _— 30.8 — _— 20.2 _ -— 22.3 — 
10 30.8 30.8 oO 20.2 20.2 fe) Bs) 22.3 fo) 
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A glance at this table shows at once how close the coincidence 
between the numbers observed and calculated is. It must, however, 
be remarked that the increase in the number of shoots with the 
increase of seedlings contained in a batch, is subject to a certain 
limit, beyond which there is no increase. This is not to be 
wondered at, when we bear in mind the limitation of manure on 
which the plantichiefly depends, in opposition to the ample supply 
of air and light. This law of constancy is also clear from the 
experiments made at the Tokyo Agricultural Station, tabulated 
below : 


of Tsurugi. Saikoku. Omi. Sawada, 


Number of shoots | Number of shoots Number of shoots | Number of shoots 


Number of seed- 
lings in a hatch 


3 % Fs e 
B |caled| diff, = |eale’d.) diff. & |eale’d) diff. &  |cale’d| diff. 
2 Z g z 
"O io) O O 
I 16.3 | 16.3 fo) 20.8 | 20.8 fe) 29.0 | 26.5 | —2.5| 20.3 | 20.5 {+0.2 
2 18.5 | 19.9 | +1.4| 24.8 | 24.8 fe) 27.2 | 26.5 | —o.8)| 19:8] 20.5 |-+0.7 
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N 
_ 

nN 
tN 
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~I 

° 
to 
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oo 
NS 
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rons 


6 24.8 | -25.2 | +0.4| 26.3 | 26.2 | -o1] 27.8] 26.5} —1.3| — 20.5 | — 
7 26.2 | 25.2) 00} 23:5 | 26:2 | -+-234))| 20/2) || 2615 | —2:8)) == 2035) | —— 
5 ZIT 252))| 1-225) 20101) 26:2 $0.2| 25.8 | 26.5 | +0.7] 21.9 | 20.5 |—1.4 
Cn 2Ou7Te 2h — Kooi 127.8) || 26.2 1.6| 26.3 | 26.5 | +o2| — | 20.5 | — 
10 25.5 | 25.2 | —0.3| 27.5 | 26.2 | —1.3| 28.0] 26.5 | —1.5| 19.3 | 20.5 |+1.2 


value 
ot 
factorC. 


Thus far I have reasoned on the assumption that the number 
of shoots produced from a certain number of seedlings of a certain 
kind of rice planted in a certain soil under similar conditions and 
treatment is constant. There remains, however, one fact, which is 
rather of high importance, viz :— 
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The shoots produced from seedlings obtained from a large ear 
grown on the main shoot of the mother plant, are always fewer 
than those produced from seedlings from smaller ears on the side 
shoots of the same plant. This fact, I observed from the experiment 
made by me at Komaba in 1893, the method of which will be 
described in a paper entitled ‘‘ On the Selection of Seeds.” I here 
quote only the result of the experiment :— 


Number of shoots produced. 


From to seedlings planted together. From 1 seedling planted single. 


On a sufficiently manured On an unmanured field. On an unmanured field. 
field, 
(Average of 16 trials). (Average of 16 trials). (Average of 8 trials). 


| 
Using the seed|Using the seedjUsing the seed|Using the seed|Using the seed] Using the seed 


taken from taken from taken from taken from taken from taken from 


large ear 1) | small ear 2) | large ear 1) | smallear 2) | largeear 1) } smallear 2) 


17.67 ‘| 21.75 13-44 | 14.50 4.25 5.25 


1) Average total weight of the seeds taken from one large ear 
=2.381 gr. 

2) Average total weight of the seeds taken from one small ear 
=0.765 gr. 


On “ The Saltwater Selection” Method of Seeds. 


BY 
T. Yokoi. Vogakushi. 


Professor of Agriculture, 


A method of selecting seeds by specific gravity has been long in 
use in Japan and China. In China a famous author™ already speaks 
-of the so-called “‘ water selection” method. It is stated that those 
seeds that float on water are of a poor quality and should be rejected. 
In Japan, an unknown author of an unknown date but who is sup- 
posed to have written in the period of Genroku (1688—1703) mentions 
the same method of selection and even goes into the details of the 
operation with special reference to rice seed and states furthermore 
that it is the method said to have been followed from olden times. 
Thus inasmuch as its details were known, it may fairly be concluded 
that the method was of a much remoter origin. Indeed, it is not 
without reason to suppose that when Roman farmers steeped their 
seeds in various solutions and extracts, and when farmers of Asiatic 
countries” steeped their rice seeds in water, they threw off the 
light and immature seeds floating on the surface of the liquid. But 
this kind of selection which is without an aim, is called by Darwin 
“‘unconscious selection” and differs from those methods of selection 
which are now so widely in use in civilized countries,—systematic 
selection. 

Whether the quality of seeds has any relation with their specific 
gravity or not is a question which has been much discussed of late. 


(1) Nung-ching-ts’iuen-shu, first published in 1639. 

(2) An erroneous but unfortunately often quoted statement of 5, Julien as to a ceremony 
said to be established by the Emperor Chin-nung in which the sowing of five kinds of grains 
is the chief observance must be here pointed out. This statement even led De Candolle to 
conclude that rice is probably the native of China. The ceremony established by the 
Emperor was certainly not of this kind. Indeed in the so-called five grains (hemp[?]), 
common and glutinous millets, barley and soy bean) the sownig of which was established as a 
ceremony ina much later time than Chin-nung, rice was not included. According to a 
reliable Chinese authority, rice was excluded from the “five grains ’’ in remote ages and 
only in later periods it was included, because men of literature in ancient China mostly lived 
in the northern provinces where rice was then not cultivated. In my opinion, rice is probably 
not indigenous to China. 
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From the existing literature on the subject, it may be concluded 
that the quantity of nutriment contained ina seed has no intimate 
relation to its specific gravity. So far as specific gravity of the 
constituents of seed alone is concerned, it is not without reason to 
infer that those seeds which are rich in mineral matter have a 
higher specific gravity; that those rich in starch have a higher 
specific gravity than those rich in albuminoids and those rich in oil 
lighter than those rich in albuminoids. But there is still another 
constituent or rather accidental ingredient having a much lower 
specific gravity than even oil, viz. free air. The specific gravities. 
of the various constituents of seeds may be seen from the following 
table® :— 


SLAC teteinr ye sacicioveisorster ataeeiers 1477010200) | MINGSIN are eerste 0.93-1.220- 
Pallmestanch) hrc roevaei ste cteremertrersveee TASO) | eater cercascremretemretne clad atten 0.892-0.999 
@ellulose yay. raverelsrclesreer ve oeres 1-25-0450 Mtberialioisy see seen ae ene 0.740-1.140 

pa ln aaler ena mbe nab obudo cbreidor 1.460=1.534 | Extractive matter .............. about 1.300: 
Elantmucilager- acess eeeere 1.300-1,600 | Ash constituents ........ ..... about 2.5 
Gane lsugartseeiectsei raster: 1.404-1.606 | Atmospheric air .......... SOU on sta 0.001293 
Gluteniofiwheat pulv ens eee 1720778 (Gat bonicy acid. meester eee 0.001978 
Gluteniainidmede teers ace 1.036) )/|| Nitrogen. 2.55) eee 28ers 0.001267 
Wegumini pul yaerinectaaessa se eres 1,360 |VOxy @eny....4- 3.4 sepia ee ee 0.001432 
egumin, compact Fer. 2 OS | PWAte cr eae eee Ree crinasa a 6S0) 
Wider operas selelsjoselefeeeveriaianars -OLO4 I —01009 


As there is no seed which does not contain more or less free 
air, and as the quantity of air contained must be variable with the 
number and size of the cavities and spaces within, the quantity of 
air contained must be, within certain limits, the principal or the 
most influential factor in determining the specific gravity of seeds. 
Thus it naturally follows that seed containing larger quantity of 
starch may be lower in specific gravity than one rich in albuminoids, 
as can be seen in the case of ‘‘mealy” and ‘‘ glassy” sorts of cereals. 
Indeed when we carefully examine the tables of analysis we see 
that the relation between the percentage of the various constituents. 
and the specific gravity of a seed is rather irregular, and even with 
seeds having almost the same weight the one containing more 
nutriments is not necessarily the one having a greater specific 
gravity ; nor do those having a higher specific gravity necessarily 
contain more mineral matter and less nutriment. 

(3) Harz, Landwirth. Samenkunde pp. 243 Vol. I, 1885, Berlin. 


* According to Rumford the lower figure here given represents the specific gravity of 
the oak, and the higher, that of the maple. 
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There is still another question which has not yet been investi- 
gated, and to which no author has yet given an answer ;—in what 
ratio should the various constituents, mineral matter, albuminoids, 
carbohydrates, be contained in the best seed? Or is there no rule 
as to their relative quantities to determine the quality of a seed? 
At least within certain limit, there must certainly be some rule in 
this matter, and I am inclined to think that here also that ‘* Law of 
minimum” holds true. As this important question has not yet been 
answered—nor likely that it could be answered easily 


the question 
of the quality of seed can be answered safely only by direct ex- 


periments. 
Many investigations have been made on the quality of seeds in 
relation to their specific gravity. The experiments of F. Haber- 


landt, Church, C. Trommer, H. Haberlandt, Th. Dietrich and many 
others besides myself have all given similar results and have gone 
to prove that those seeds which have a higher specific gravity are 
more productive. These experimenters, however, have all fallen 
into the same mistake, viz. that of sorting their seeds according to 
their specific gravity regardless of their weight,—a mistake which 
has detracted much from the value of their experiments and has 
entailed unreliable results for ascertaining the quality of seeds. 

It seems that H. Hellriegel was the first who found out this 
mistake and renewed his experiment, the results of which are given 
in his ‘‘ Beitrage zu den naturwissenschaftlichen Grundlagen des 
Ackerbaus.”’ From his results, it may be seen that specific gravity 
by itself, when seeds of similar weight be selected according to their 
specific gravity, has no regular relation with the quantity of produce 
obtained with the seeds. Similar results have been obtained by E. 
Wollny conducted on a larger scale in the field. 

Experiments were conducted in 1894 by H. Ando, a student of 
our College. He selected barley seeds of similar specific gravity 
with a solution of sodium bromide, and from the selected seeds, he 
took 14 grains all of nearly the same weight. They were sown in 
Wagner’s cylinder, filled with garden loam, 7 grains in each cylinder 
making 4 series in all and ascertained the length of the stalks and 
leaves developed ina week. The result was as follows :— 


(4) Saat und Pflege der landwirth Kulturpflanzen. Berlin 1885. 


ee 
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TABI E? ak. 


BARLEY ; SORT, GOLDEN MELON Sp. gr, 1.255. 


Weight of one grain. Length of stalks and leaves, average of 14 plants in m, m. 


ist day of 


m. gr. sprouting. 2nd day. 3rd day. 4th day. 
Over 55 26.65 40.00 51.55 69.60 
45—50 19.25 34.65 43.35 58.35 
35—40 19.25 30.20 40.85 51.75 
Below 30 17.60 26.43 37.40 42.10 


When seeds of different specific gravities but of the same 
weight were selected from the same sample, the result was as 
follows, the weight of a seed being 52.5 milligrams :— 


TAB EE. Uy. 
Length of stalks and leaves, average of 14 plants in m, m, 
ist day of 
Sp. gr. epiputiig: 2nd day. 3rd day. 4th day. 
Over 1.30 * 23.30 35-45 47.80 65.40 
1,255 25.25 33-65 43-35 57-50 
1.205 21.25 31.55 42.30 55.70 
1.155 21.05 31°60 40.30 55-95 


He again experimented in 1895 with barley and naked barley 
by letting the seeds germinate in Liebenberg’s germination ap- 
paratus. Observations made two weeks after germination gave the 


following results :— 


* Weight of a seed used in this case was over 55 mg. as grains of less weight could not be 


obtained. 
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ABER, ati 


NAKED BARLEY ; SORT, JOSHU-HADAKA. 


Length| Total | No. of Veight of produce ay, 
NGWOE ofleaves} Width length 
: and_ |ofleavesjof roots 


of one plant. 


roots - 
cots of dried at 100° C, 


one 


Weight o 
a grain. 


: lants, | Stalks ay. of one 7 le 6 hours, 
Sp. gr. sgt fete, (1S) en av. m.m. | plant pant green. |With | Without 
m. m. av.m.m. ' chaff, | chaff. 
28—32 11.4 6.8 | 191.8 ‘ 167.5 18.2 14.8 
26—28 112.2 6.2 197.0 ‘ 166.0 17.2 14.1 
1.375 
20—28 96.7 { 8 : 121.0 13.4 11.2 
Below 20 $5.4 tC : : 108.6 12.2 9.9 
| 24—28 109.6 é 3: 154.1 16.9 eT, 
1.365 20—24 3) 89.9 i 3. 114.6 13.1 I1.1 
Below 20 90.1 Is a 108.2 10.9 8.8 


BARLEY ; SORT, GOLDEN-MELON. 


Veight of produce of one 
plant av. 


Dried at 100 °C, 


Length Total | No. of 


Weight of] No. of [Ofleaves| Width | length | roots of 
a grain, and ofleaveslof roots one 


Sp. gr. a a ne 8 ee es cag t wa ano 
ets mn av.m.m, ||| Gnesi chaff, 
( Over 55 7 178.6 6.4. | 260.0 5.9 | 208.6 37.4 25.5 
ak | 45- 50 10 146.8 5-5 | 247.8 5.5 198.3 25.6 16.7 
Over 55 9 178.9 (2) |) Dyfi 6.4 | 304.4 36.9 24.7 
1,205 45—50 7 142.8 5.4 | 248.1 6.9 | 238.8 33.4 18.6 
35—40 7 171.1 5.0 | 289.6 6.3 | 210.0 21.6 16,2 


From this it may be seen that the absolute weight of a seed has 
an intimate relation with its productive power but the latter has 
almost no relation with its specific gravity. Moreover, the results 
above recorded confirm those obtained by Hellriegel, Wollny and 
other experimenters. 


se = 
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But then the question naturally arises, why do the results of 
those experimenters who took the specific gravity of a seed as the 
sole standard regardless of its weight all or almost all without 
exception, agree? In 1882 I tried to use a solution of common salt, 
which can be obtained cheap anywhere in our country, as the 
medium for the selection of rice seeds and got good results. I have 
named the method the ‘salt water (or rather salt solution, strictly 
speaking) selection” method. Thereafter the method has been 
tried with good results and applied to various seeds, being now 
widely used especially for rice in our country. The results I 
obtained in Chikuzen, where I first tried it may be summed up as 
follows, the aim of the experiments having been to know the com- 
parative merits of the method in question and the ‘‘ water selection ’”’ 
method :— 


TABLES ING 


COMPARATIVE RESULTS OF THE “SALT WATER” 


AND THE “WATER SELECTION,’’® 


Paddy per W cient O! Husked eeu & Straw per | Length of 
Method of selection. ae rice per Erne straw, 
tan, koku. BES tan, koku. eacaea tan. kwan.|  shaku. 
«¢ Salt water ”” 5-571 26.36 2.615 40.81 101.165 3.81 
<< Water ”’ 4.999 25.80 2.403 40.02 99.455 3.74 
Extra produce of |} a 
tie (ones f 0.572 0.56 0.212 0.79 1.710 0.07 


According to this table, the produce obtained with the “ salt 
water selection ’’ in the form of paddy or unhusked rice was 146.850 
kwamme, which when husked gave 100.710 kiwwamme while with the 
‘‘water selection” the paddy weighed 128.970 kwamme, which 
when husked gave 96.170 fwamme—thus giving a result in favour of 
the former. 


Practically the method is carried on in the following manner. 
A certain weighed quantity of common salt of impure sort is put 
into a large wooden tub with water, and the water is then stirred to 


(5) Wolffenstein used already in 1877 specific gravity for the selection of seeds though 
with a quite different aim. His work was, however, not known to me at that time. See 
Anleitung zur Getreidezitchtung by Dr. K. Riimker, Berlin 1889. 

(6) Fesca, Beitrage zur Kenntniss der Japanischen Landwirthschaft, Sp. Th. Tokio 1892. 
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hasten the dissolution of salt and when the salt is comparatively 
dissolved, the seeds that are to be selected are put into the solution, 
well stirred and the imperfect grains floating on the surface of the 
solution are quickly scooped off, the solution is again stirred to 
make those imperfect grains which have subsided with good grains 
to float and the floating grains are again scooped off, the operation 
being repeated until no grain is left floating. When this is over, the 
seed is transferred on toa ‘‘zaru,’’ a shallow bell witha rounded 
bottom made of bamboo strips with irregular meshes—placed on a 
tub and the solution is filtered off into the tub to be again used for 
the same purpose. 

The strength of the solution used should of course be different 
with the kind of seed and even with the same sort, the specific 
gravity of the seed differing more or less with locality, the kind of 
weather when harvested, with the methods of cultivation and so 
forth ; and the strength of the solution must therefore be accom- 
modated to each particular case. Practically the right strength of 
a solution is tested in the following manner :—A small quantity of 
seed is put into the solution and when nearly all the grains show 
an inclination to float up—which in the case of cereals can be known 
from the grains standing up in an oblique position, as the centre of 
specific gravity is excentric and lies nearer one extremity than 
another—the strength of the solution in question may be decided as 
fitted for the purpose. 

The proportions of salt and water we have hitherto used are 
stated below. These must of course be greatly varied especially with 
different sorts of seeds ; for example, with some sorts of barley seed 
the strength of the solution is to.be similar to that for wheat. The 
figures given are about the number of grams of salt to a litre of water. 


IAG: ale ait cl isd ld ne al ha n6 SAORI MZ 
athey eats ts. Bees) stac See a's ae ee = 200-390 (Or 742040) 
Ialtamenulet ss te ese se. st hs LOZ 200 
uciswvinlediie soe Mon sc sh es tenes 187-229 
ACen rn een, ei tee fy . 104-208 
Lsukena (a kind of Chinese Dine.’ )104-250 
IMAGISIMRM MEME Nee Rents eee eke 83-124 
“LDU a 0 Stal a .... 124-208 


For naked barley and wheat and also for some sorts of barley 
for example some European sorts, a good xégarz,—a name given to 
the motier liquor of, or drippings from impure, common salt, with 
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the specific gravity varying from 1.200 to 1.280—is used. Accord- 
ing to my experiment made some years ago the specific gravity of 
nigari varies with the number of days passed after it has been 
produced, a new one having a higher specific gravity than old one 
with a dark colour and dirty sediments. This is probably due to 
the fact that during standing the salt in solution gradually crystal- 
lises out on the bottom of the containing vessel. Thus when a 
liquor with a high specific gravity is required a good new nigarz is 
preferred, as for naked barley and wheat. The reason why I have 
tried to use these instead of various salts which are obtainable from 
the apothecary and which could easily be managed to get any 
required specific gravity is simply that the latter are generally too 
costly for general use by small peasants. Our farmers have already 
learned and tried the method and it is now widely practiced 
especially for rice seeds either common salt solution or xzgaré 
diluted with water being used for the purpose. 

Now the question is why does the ‘‘ specific gravity method’’ 
of selection give generally such good result? Why did those 
experimenters who selected the grains by their specific gravity 
regardless of their weight give also good results when _ specific 
gravity is not a measure of the quality of seed? This question has: 
now to be answered, and the main object of our experiments has. 
been to solve this important question. 

Certainly it is one thing to be used asa standard for the valuation 
of quality, and another to be used as a medium of selection. As a 
measure of quality, specific gravity is surely not to be relied upon as. 
scientifically accurate ; but as a medium for selection, it can be used 
as sufficiently accurate for practical purposes though not scientifical- 
ly so. And our experiments tend to show that at least for some 
cereals ‘specific gravity method of selection ’’’ can be applied with 
sufficient accuracy. 

As absolute weight has been clearly shown to be a sufficiently 
correct measure of the quality of a seed, and as the quality of a seed 
improves with the increase of its weight, the object of our experi- 
ments has been first to find out whether the specific gravity has any 
or no relation with the absolute weight of a seed. 

According to Schertler the specific gravity of a seed increases: 
with its size except in the case of abnormally large grains, which 


(7) Schertler, die Anwendung des specifischen Gewichtes als Mittel zur Werthbestim- 
mung der Kartoffeln, Cerealien und Hiilsenfriichte sowie des Saatgetreides, Wien 1873. 
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have less specific gravity than middle sized ones. On the other 
hand, according to the results obtained by Marek and others, it 
seems that smaller grains have a greater specific gravity than larger 
grains, but not very regularly. 

Ando’s results obtained in 1895 tend to show that with some 
seeds their absolute weight does increase with their spécific gravity. 
He separated the seed of various crops according to their absolute 
weights, and then determined their specific gravities by means of 


the pycrometer with alcohol. 


Weight of Weight of Baers 
Kind of Crops. a grain. |No. of grains.| total grains. A eae Sp. gr. 
mer. ; mgr spied ; 
: Sas mer. 
Over 32 50 1649.6 32.99 1.2241 
cera 28—32 50 1521.0 30.42 1.2151 
Aice , sort, 
24—28 50 1325.8 26.52 1.1812 
Skiratama. 
20—24 50 II10,2 22.20 1.1201 
3elow 20 50 847.4 16,95 0.9912 
Over 60 50 3176.2 63.52 1.2932 
5560 50 2886 0 57.52 1.2851 
FID 50 2661.8 53.24 1.2603 
Barley ; sort, 45—50 50 2425.2 48.50 1.2644 
Golden melon. 40—45 50 2149.6 42.99 1.2573 
35—40 50 1886.4 37-73 1.2300 
30535 50 1642.2 32.84 1.2418 
Below 30 50 1286.4 25.73 1.1993 
Over 45 30 1457.0 48.57 1.2856 
40—45 30 1289 4 42.98 1.2658 
Barley ; sort, 
Ee 35—40 30 1140.8 38.03 1.2762 
30—35 30 1018.2 33-94 1.2520 
Below 30 30 781.6 36.05 1.2375 


(8) Marek, Das Saatgut und dessen Einfluss auf Menge und Giite der Ernte, Wien 1875. 
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F oe Average 
Weight of Weight of : a 8 
Kind of Crops. a grain. No. of grains.} total grains. ities: a Sp. gr. 
mer, mgr, * 
£ : mer. 
. 
Over 32 50 1697.5 33.92 1.3572 
28—32 5° 1517.2 30.34 I 3767 
Naked barley ; sort, 
24—28 50 1369.0 27.38 1.3686 
Foshit-awo. 
20—24 50 1131.0 22.62 1.3458 
Below 20 50 844.0 16.88 1.3097 
Over 35 50 1862.5 37.31 1.3578 
32—35 50 1660.8 33.22 1.3874 
Naked barley ; sort, 28—32 50 1409.4 29.98 1.3830 
Lonen. 24—28 50 1319,2 26.38 1.3608 
20—24 50 1127.6 22.55 1.3608 
Below 20 50 998.8 19.98 1.2778 
Over 50 20 1049.2 52.86 1.3603 
45—5e 20 954-4 47.72 1.3551 
Wheat ; sort, 40—45 $52.0 42.60 1.3673 
Fultz. 35-—40 771.6 38.58 1.3550 
BIS 654.8 32.73 1.3489 
Below 30 536.4 26.82 1.3509 
Over 33 691.6 34.58 1.3378 
30—33 643.6 32.18 1.3109 
Wheat ; sort, 
25—30 566.4 28.32 1.3124 
Kyishia. 
20 —25 446.6 22.32 1.3404 
Below 20 


When we examine the above table, it may be seen that with 
rice and barley, both of which have light and porous husks, their 
specific gravities vary with their weights very regularly, with a few 
exceptional cases. 
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On the other hand in the case of wheat and naked barley both 
destitute of any husk their specific gravities do not show a regular 
relation with the weights as in the case of rice and barley. 

These facts naturally suggest that light and porous husk has a 
great influence upon the relation of weight and specific gravity. The 
husk of rice and barley is formed before the development of seed 
and the development of seed has little influence upon that of the 
husk ; and the weight of the latter must have great influence upon 
the specific gravity of the grain. There must be a great difference 
in their specific gravity, according as the seed is well developed 
and fills the inside of the husk, or is little developed and lies loosely 
within the husk. As the husk is light and porous enclosing within 
it a large quantity of air, its specific gravity is very small—smaller’ 
than that of water 


and if it be comparatively well developed it will 
naturally decrease the specific gravity of a grain. Moreover when 
the space between the husk and the seed be wide apart and 
encloses a large quantity of air it will lessen the specific gravity of 
the whole. If this be so, it is no wonder that in the case of rice and 
barley, grains which are covered with light and porous husks, their 
specific gravities should have a regular relation to their weight. 
The results obtained by Ando on the absolute and percentage 
weight of the husk are shown in the following table, the specimens 
examined being in each case those used for the determination of their 
specific gravities :— 


RICE ; SORT, SHIRATAMA. 


ween oe ees Bes Sp. gr eet it Per cent of husk. 
to 5 z . St. Qtr. 
Over 32 1649.6 1.2241 272.7 16.53 
28—32 1521.0 1.2151 247.5 16.93 
24—28 1325.8 1.1811 225.8 17.03 
20—24 1110.2 1.120) 2097 15 03 
Below 20 847.4 0.9912 176.1 20.75 
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BARLEY ; SORT, HOZOROI. 


Weight of a Weight of 30 Weight of husk. 


A : Per cent of husk, 
grain. mgr. grains, mer. mgr. 


Over 45 : 1457.0 130.5 8.92 
40—45 1289.4 : 134.7 10.45 
35—45 1140.8 : 123.6 10.83 
30—35 1018.2 : 122.7 12.05 


Below 30 781.6 : 115.6 14.79 


From these tables it is obvious that the percentage of husk 
has more or less influence upon the specific gravity of rice and 
barley. 

In the case of wheat and naked barley, it is natural from the 
reason above given that specific gravity and absolute weight can 
have scarcely any or no relation with each other. Moreover these 
seeds contain air cavities formed by the folding of the testa and the 
size of these must have a great influence upon the specific gravity 
of the seed, but the size of the air cavities undoubtedly can have no 
relation with the size and weight of the grain. 

Notwithstanding these facts, Ando’s experiments tend to show 
that even with these grains some relation does exist between 
specific gravity and weight, and that the specific gravity can be 
used safely as a means of selection. He separated seeds of naked 
barley besides rice and barley according to their specific gravities 
with a solution of sodium bromide and sodium chloride and weighed 
a certain number of grains air-dried. The results, as given in the 
following table show that the average weight of the seed increases 
with its specific gravity. 
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NAKED BARLEY. 


Weight of 100 grains in mgr. 


Sort, Joshiu. Sort, Honen, 
Over 1.380 2558.0 2868.0 
1.375—1.380 2238.2 2506.6 
1.370—1.375 1963.8 2154.8 
1.365—1.370 1847.8 2077.0 
1.360—1.365 1752.6 — 
1.355—1,360 —- — 
1.350—1.355 1561.7 1704.4 
1.345—I 350 1342.0 =e 
1.340—-1.345 — | 1366.0 

RICE, 
— 

Sort, Shiratama. | Sort, Sekitori. 
Over 1.235 3196.0 2931.2 
1.20—1.21 3155.8 2744.4 
1.15—1.16 2888.7 2551.1 
1,00—1.03 2152.4 2126.4 


BARLEY, 


SN eee 
Sort, Golden melon, 


——<—<—<$$$ $< 


Over 1.30 5497.0 
1.25—1.26 5220.3 
1,20—1.21 4575.4 
1.15—1.16 4417.2 
1,00—1.10 2940.0 


ee EE ES ee ee eee ee et 
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Thus it may be seen that as to cereals weight and specific 
gravity have a certain relation with each other and grains with a 
higher specific gravity are generally also heavier. Ando has 
proved this for rice by weighing each grain and counting the 
number of grains of similar weights within a certain space as 
shown in the following table :— 


RICE ; SORT, SHIRATAMA. 


Number of grains. 


26—28|28—30]30— 32/32 3,4|34— 36] 3638 


7 2 5 

26 27 21 

12 168 |) 4D 
Over 1.235 fo} fe) fe) fo) 3 10 55 


SORT ; SEKITORI. 


Thus it may be seen that the seed with a higher specific gravity 
contains a larger number cf heavier grains, and if we take those 
grains which sink in a soiution with a high specific gravity as for 


example in the case 1.21, and reject those grains which float on it, 
then surely we shall obtain the largest and best grains. 

So far with Ando’s results. In this direction Y. Ida, 
another student of our college, has also examined various sorts of 
rice and made elaborate experiments in our laboratory in 1896. 
His results are embodied in the following table, which shows the 
distribution of grains of various weights under each fixed specific 
gravity. The number of grains is shown in percentage. 
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As may be clearly seen, these results fully confirm those 
obtained by Ando and show that the heaviest and best grains are 
mainly included in the lots with higher specific gravities. Ida’s 
carefull observations also show that the percentage of husk has more 
or less influence upon the specific gravity of the grain; and this 
seems to confirm our view with regard to the question of the 
relation of the weight and the specific gravity of a grain with its 
husk. Ida’s results may be tabulated as follows :— 


| 

Average weight | Average weight | Ratio of husk to 
Sp. gr. ofa grainin |of husk ofa grain} grain taking 
mgr. in mgr husk as | 


Per cent of husk, 


SORT, JAVA. 


Below 1.00 17.50 4.90 M3. 5 2 28.4 
1.00—1.05 24.30 5.06 I : 4.80 20.5 
1.05—-1.10 25.90 5-13 I : 5.00 20.0 
I.IO—1.15 27.80 5.20 Meo 18.7 
I,15—1.20 28.40 5.20 I : 5.46 18.3 
Over 1.20 29.00 5.20 1:5.77 17.3 


SORT, YAMADA. 


3elow 1.00 I: 4.05 24.6 
1.00—1.05 i sere 19.2 
1.05—1.10 I: 5.93 16.8 
1,10--1.15 I: 6.43 15.5 
1,15 —1.20 1 : 6.88 14.5 
Over 1.20 I : 7.00 14.4 


SORT, SHIRATAMA. 
ee TE ar a DP ee a ee 


Below 1.00 18.30 3.80 I: 4.82 20.7 
1,00—1,05 23.30 4.20 ess255 18.6 
1.05—I.10 25.80 4.20 1: 6.14 16.2 
I,.10—1.15 28.30 4.60 Ie: On15 16,2 
1.15—1.20 29.40 4.80 I: 6.13 16.2 
Over 1.20 31.50 4.80 I: 6.65 15.0 
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SORT, SEKITORI. 


Below 1.00 : 3-80 : 19.4 
1.00—1.05 : 3.80 : 17.3 
1.05—I.10 4.10 : 16.8 
I.10—I.15 4.40 : 16.8 
1.15— 1.20 4.80 2 17.2 
Over 1.20 16.4 
Below 1.00 16.30 ; 23.2 
{.cO—I.05 20.90 : 19.1 
1.05—I.10 23.80 ; 18.0 
I.1O—1.15 26.30 i ; 17.4 
Cver_ 1.15 28.30 : : 16.9 


Thus it is seen that in the case of grains with a low specific 
gravity the ratio of husk to seed is greater, that is, they have more 
husk in proportion to the weight of the seed, and thus it may be 
concluded that the husk of a grain has a great influence upon its 
specific gravity. 

From these results we can see the reason why those experi- 
menters who have selected their grains by means of their specific 
gravities regardless of their weight, have almost without exception 
obtained good results. Indeed they have selected unconciously 
good, plump and heavy grains by taking specific gravity as the 
standard of selection. The reason why the “specific gravity 
selection” method is so widely used especially for rice with good 
results can also be seen. Though we can not say that a heavy 
grain has always a high specific gravity, heavy grains of cereals 
have on the average a higher specific gravity, and when the seeds 
are selected by specific gravity those light and immature grains can 
be effectively got rid of and fairly good and plump seeds can be 
obtained ; and when grains with the highest specific gravities are 
selected, we obtain the largest number of the best grains. If seeds 
could be selected practically by their weights so accurately that 
only the best grains could be obtained, then the ‘‘ specific gravity 


ON THE ‘“‘SATT WATER SELECTION” METHOD OF SEEDS. 439 


selection’ method should be abandoned as an inaccurate method of 
selection ; but those small farmers especially here in Japan might 
profitably use this method as a convenient method of selection 
especially for cereals. 

With regard to leguminous grains, it seems that specific gravity 
has scarcely any relation to weight and the ‘specific gravity 
selection’ method would not give good results. This fact has been 
shown by C. Ikeda of this College, whose results are given in the 
following table. The grains used were those of the soy bean but 
similar results can probably be got with other leguminous grains 
which often contain a large quantity of air. 


Number of grains with weight Number of grains with weight 
Sp. gr. more than 160.0 mer. less than 160.0 mgr. 
Below 1.15 56% 44% 
1.15 —I.175 64, 36 
1.175—I.20 65, 35 
1.20 —I.22 64 30 
1.225—1.25 64 36 


Rape seed has also been examined by C. Kobayashi of this 
College, whose results are giyen in a separate paper. It seems 
from his result that the ‘‘ salt water selection” can also be used for 
its selection. 


On the Selection of Rape Seed. 
BY 


C. Kobayashi, Nogakushi. 


The quality of a seed is one of the important factors to be 
considered for attaining a good and rich harvest, and the quality of 
a seed is determined by precisely observing its size, weight, purity, 
genuineness, germinative energy, germination percentage, &c. 

Several facts has hitherto been found by many foreign investi- 
gators on these points but there are still some questions as to the 
relation between the size and weight of a seed and its specific gravity 
that needs to be cleared up. For cereals and especially for rice and 
barley some of our investigators, foremost of whom is Prof. T. Yokoi 
of the Agricultural College, have found that seeds of high specific 
gravity are generally heavier and have more germinative and 
vegetative energy and those of lower specific gravity the reverse. 
Upon this fact the so-called ‘salt-water selection” or better 
‘‘ specific gravity selection’’ method was devised in which the good 
seeds were separated from the bad by floating and skimming off the 
latter in a saline solution of a moderate specific gravity. It is, 
however, allowable to doubt if this method can be applied with 
equal success to rape seeds, which furnish oil. Our object in the 
cultivation of the rape lies chiefly in getting seeds which are rich in 
oil; and for sowing seeds rich in oil must be selected. Further 
trials were therefore necessary to determine whether seeds rich in oil 
can be selected by the same method as was applied to cereals or 
not. 

The object of my investigation was to find out the relation 
between the physical and chemical characters of rape seed and its 
quality, and to devise some practical method for the selection of 
rape seed. 

The results can be summed up under the following headings:— 

I. The relation between the absolute weight and the specific 


gravity of rape seed. 
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II. The relation between the absolute weight and_ specific 
gravity of rape seed and its germination. 

III. The relation between the specific gravity of rape seed 
and its oil content. 


I. The Relation between the Absolute Weight and 
the Specific Gravity of Rape Seed. 

For experiment five different sorts of rape seeds were taken and 
in the first place their average specific gravity and absolute weight 
were determined, the former by means of the pycnometer and then 
they were separated into eight lots of different specific gravities 
with the solution of common salt. The results were as follows :— 


Sorts Average specific Average weight of 
: gravity. one grain, 
GNGSeMe reds wie ete) Pedi ne eee. aes, = eas 1.1225 3.11 mg. 
OlcunasfromyGummay 27 2 ees cee oe: 1.1120 3.21 
Painoshimias) Wee svcy cas; ae Ase ans ies: I 1103 B22 
LAT GUS Psa sce s ascgueocian ois ose Coe 1.1580 3.15 
(COAL “(ase ceed ccna peacoat’ 1.1090 2.69 


The seeds were first selected with the solution of common salt 
of the specific gravity of 1.145, the floating portion was separated 
and successively selected with the solutions of the specific gravity 
of 1.125, 1.105, 1.085, 1.065, 1.045 and 1.025. In this way a series 
of seeds having different specific gravities was obtained :-— 


Series. Specific gravity. 
I Rte sl oy EBs Sy 1.145 and more. 
Oe ae a Sn sn hy oye ea she ke 1.145—1.125 
1A Re eee eee ea ieee Mains 8 1.125—I.105 
MOP O08 eee aa ee ee 1.105—1.085 
Ne oii bone Lb ge 2a ke eee a 1.085—1.065 
VaR ae rene Oe eile 2 Miata ee ile aoe We 1.065—1.045 
IV Tomtom swecereerrd caters sak sa oes ane Barcneret sere 1.045—1.025 
\V ILLUS OE UP! Ne aOR eae Oe 1.025 and less. 


Of a given quantity of rape seeds thus divided, those of I 
having the highest specific gravity, were least in number and the 
grains were irregular in shape and size; those of II were about 
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equal in number to I, but a little more numerous, those of III and 
specially IV and V were of a more regular shape and size and still 
more numerous, while those of VI and especially VII and VIII 
were again of irregular shape and size, mixed moreover with light 
and immature ones, and were less numerous. 

The absolute weight of 100 grains of each series were then 
determined and were found to be as follows :— 


TABLE A. 


Hiro- Toky6é 


Series. Sp. gr. Chosen. | gima, | Okuna- Colza. |Hamburg) oo 
I 1.145 and more. | 346.0 mg.| —mg. : : —mg. —mg, 
II 1.145—I.125 403.0 376.0 318.0 — 
Il 1.125—I.105 420.0 395-2 4 —- 412.0 
IV 1,105—1.085, 447.0 451.0 407.0 421.0 
W 1.085-—1.065 435.0 : Bu (Rd — _ 
VI 1.065—1.045 424.0 : 407.6 402.0 

VII 1.045—I 025 406.0 — = 

Vill 1.025 and less, 372.0 311.0 377-0 


Thus, the weight of rape seed does not increase or decrease 
proportionately with its specific gravity, but the seeds of medium 
specific gravity are always heavier on the average and consist of the 
grains of a more regular shape. Then the grains belonging to each 
lot were weighed and classified into four groups for examining the 
contents of each lot. The result was as follows :— 


VIII 


ON THE SELECTION OF RAPE SEED. 


1.145—I.125 


1.125—I.105 


1.105—1.085 


1.085—1.065 
1.065—1.045 


1.045—I.025 


1.145 S more. 


1.145—I.125 


1.125—1.105 


I.105—1.085 


1.085--1.065 
1,065—1.045 
1.045—1.025 


1.025 & less. 


1.145 and more. 


1.025 and less. 


SORT, CHOSEN. 


No. of Nanot 
grains 2s 
Se ape grains 
wees | weigh. 
less. ae tae 


22 44 
o 51 
° 48 


SORT, 


No. of 
grains 
weighing 
3 mg. & 
less. 


No. of 
grains 
weigh. 


3-4 mg. 


38 grains | 43 grains 


HIROSHIMA. 


No. of 
grains 
weigh. 
5 mg. & 
more, 


No. of 
grains, 
weigh. 
5 mg. & 
more. 


No. of 
grains 
weigh. 

4-5 mg. 


19 grains 


55 
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Total no. 


of grains, 


100, 
100. 
oo. 
100. 
100. 
100, 


100. 


Total no. 


of grains, 


100 


100 


100 
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Thus we see that seeds of greater 


Sp. gr. 


1.145 & more. 


1.145—1.125 


1.125—I.105 


1.105—1°085 
1.085—1.065 
1.065—1.045 
1.045—I.025 


1.025 & less. 


Sp. gr. 


1.145 & more 


1.145—1.125 


1.125—I.105 


I.105— 1.085 
1.085—1.065 
1.065—1.045 
1.045—1I.025 


1.025 &© less. 
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SORT, OKUNA. 


No. of 
grains 
weighing 
3mg. & 


less. 


No. of 
grains 
weigh. 


3-4 mr, 


No. of 
grains 
weigh, 
4-5 mg. 


No. of 
grains 
weigh. 

5 mg. & 
more. 


Total no. 


of grains. 


44 grains 


7 


SORT, HAMBURG. 


No. of 
grains 
weighing 
3 mg. & 
less. 


the whole more heavy grains. 


32 grains 


42 


42 


45 


No. of 

grains 

weigh. 
3-4 mg. 


24 grains. 


44 


26 


22 


No. of 
grains 
weigh. 

4S ESS: 


average weight 


No. of 
grains. 

weigh. 
5 mg. & 

more. 


Too 


100 


Total no, 


of grains. 


contain on 
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It was stated by Marek that seeds of greatest absolute weight 
are the best in quality and yield the largest crops ; but the absolute 
weight of any seed has no constant relation to its specific gravity. 
Hellriegel, Lehmann, Wollny, Marek and others have found that 
although the weight of a seed varies under various conditions, the 
heaviest and largest seeds produce the largest and best crops and 
are best for sowing. As regards the specific gravity, opinions are 
divided, Hellriegel, Wollny and Marek being of the opinion that 
the specific gravity of a seed and its quality do not always go 
together. The results cbtained by many workers of our College 
show, however, that in cereals especially those which have hulls, 
such as rice, barley except the naked sort, etc., the specific gravity 
and absolute weight and consequently the quality have a certain 
close relation with each other. 

I have furthermore examined the average specific gravity of 
rape seed, classed in three groups of different weight. 200-250 
grains were taken from each group and the specific gravity deter- 
mined by means of the pycnometer :— 


TABLE B. 


Weight of one 
grain, 


Sp. gr. of the 
sort Chosen. 


Sp. gr. of the 
sort Okuna, 


Sp. gr. of the 
sort Hamburg. 


IBIS AES nonesemanaa borcsacnoor 4.5 & more mg. 1.105 1.093 


Weim yn snieserss secs eves 3.0— 4.0 1.121 1.098 


1 LITE NCES) 8 sam sonbheeeQroMeRBTOOOe 


3.0 and less. 


1.135 1.105 


In the above, the seeds are but roughly classified ; e. g. in the 
heaviest group there are of course, included several grains, whose 
specific gravity are less than 1.08 or even 0.025, while lightest group 
include also those of 1.145 and more. It would therefore, be 
erroneous to conclude from the above table that the seeds which 
have a smaller specific gravity have the greatest absolute weight. 
On the contrary the above results agree quite well with those of 
Table A, and we may state that the results always agree quite well 
whether the absolute weight was measured for seeds of different 
specific gravities or whether the specific gravity was determined for 
seeds of different absolute weights. In either case the seeds which 
had a medium specific gravity had the greatest absolute weight. 
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Thus, in the Chosen rape, seeds of the specific gravity 1.105-1.085 
had the greatest absolute weight and the results were about the 
same both with Okuna and Hamburg rape. It is interesting to 
compare my figures with those of Wollny which are very similar, 
and are as follows :— 


Weight of 100 grains, Specific gravity. 
Heaviest rape seed, 0.554 gram. 1.0593 
Medium aps, iawn 0.429 1, 1004 
Lighest BN aay 0.336 I.1141 


As has been proved by several investigators the heaviest seeds 
are the best, and if this rule also holds good with rape, which is 
cultivated for oil we must select those having a medium specific 
gravity viz., those with the greatest absolute weight ; and it will be 
very interesting in this connection to know whether the oil content 
of rape seed has any relation with specific gravity or not. 


II. The Relation between the Absolute Weight and 

Specific Gravity of Rape Seed and its Germination. 

The experiments under this category were carried out with 
reference to the following three points :— 

a.) Relation of the specific gravity of seed to its germination. 

b.) Relation of the absolute weight of seed to its germination. 

c.) Relation of the different absolute weight of seeds arranged 
in a series according to specific gravity to their germination. 

The seeds employed for experiments were divided into four 
groups of different specific gravities, as follows :— 


1.) Seeds of specific gravity 1.125 & more 
2.) ns Pann yy 1.105—1.085 
3.) el ere - 1.065—1.045 
4.) in eee 1.025 & less 
a.) Relation of the Specific Gravity of Seed to its 
Gemination. 


The rape seeds used in this experiments were of five sorts : 
Chosen, Okuna, Hiroshima, Colza and Hamburg. They were 
germinated in a germination apparatus, all under the same condition. 
The germinative energy and germination percentage observed were 
as follows :— 
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TABLET. 


SORT CHOSEN. 


Seeds of specific gravity of 


ss sample, | “imore, [LOS 1OsH.065-roaslo7s & les 
(120 grains)\(Ioo grains) : 5 : gre 
I Germinated. 3 4 3 2 fo) 
II 5 12 18 16 ye 5 
ul » 39 39 43 51 42 
IV op 29 21 25 19 19 
AY 5 14 5 7 Io Ie 
VI of 15 10 5 4 14 
VII fe 3 fo) I I 2 
VIII $5 I I = fe) fo) 
IX 3 I fo) — fo} (o) 
x 9 o fo) = rf) ) 
XI °3 I fe) = (o} fo} 
Total 5 108 (ates Ico 98 95 
Germination percentage. 90% 98% 1c0% 98% O56 
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SORT OKUNA. 


Seeds of specifie gravity of 


Original. 1.125 & 
Days. . sample. more. 
(100 grains)\(I00 grains) 


I.105—I 085|1.065—1.045|1.025 & less. 
(100 grains)|(I00 grains)|(I00 grains) 


I Germinated. 2 3 2 7 
I 1 II 14 18 14 
il % 53 67 D2 45 
IV ae 3 7 4 6 
Vv iB 10 6 5 3 
Wal ¥ 15 I I 10 
VII B 2 I I 5 
Vill ¥ fo) fo) fo) I 
1X 55 fo) fo) I 2 
xX ho fo) fo) fo} 1 
XI 50 fo) fo) fe) I 
XII +f fo) fo) fe) I 
XI : fe) fe) oO @ 
XIV 5 fo) fo) fo) fe) 
XV 59 fo) fo) fo) I 
Total 7 096 99 98 97 
Germination percentage. 96% 99% 98% 97% 
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SORT HIROSHIMA. 


Seeds of specific gravity of 


Original 1.125 & 
Days. sample. more. 
(100 grains)} (58 grains 


I'105—1.085]1.065—1.045]1.025 & less, 
) (100 grains)|(100 grains)|(I00 grains) 


I Germinated. 


ll s 
Ill 3 
IV a 
Vi 
VI I. 
VII A; 
vill ay 
IX } 
x ” 
MA . 
XII 3 
XIII ; 
XIV ‘ 
Total es 


Germination percentage. 
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SORT HAMBURG, 


Seeds of specific gravity of 


ee ao pees 1.105—1.085|1.065—1.045]1.025 & less. 
(100. grains)|(100 grains\|(10° grains)|(I0O grains)|(I00 grains) 
I Germinated. 8 7 
II AS 15 24 
ul 33 3? 
Iv 12 9 
V % 23 16 
VI “ 2 4 
VII 25 fe) 2 
VIII a5 2 fo) I 
1b.€ 3 I fo) I 
x : I fe) fo} 
XI I is I 
XI “5 I fo) ° 
XU I fo) fo) 
XIV - fo) fo) fe) 
XV ; I fo) fo} 
Total bs 98 93 97 
Germination percentage. 98% 93% 97% 
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SORT COLZA, 


Seeds of specific gravity of 


Original 1.125 & 


1.105—1.085}1.065—1.045]!.025 & less, 


rae (109 grains) (58 grains) (FO° StAins\(100" grains)|(t00. grains) 
I Germinated. fo) fe) fo) fe) 
II ; 12 22 22 13 
Il - 22 52 50 56 
IV A 12 20 22 22 
V ry) 5 3 3 5 
VI os 6 1 fo) I 
VII s fo) I fo) fe) 
VII ‘n fo) o (0) fo) 
IX a I fo) fo) fe) 
Xx 9 Oo ) ° I 
XI “7 ° fo) I 
Total aa 58 99 97 99 
Germination percentage. 96% 99% 97% 99% 


In the above experiment the germination was very irregular 
owing to the low temperature of the season. It was, however, 
observed that the germination percentage was always better in the 
seeds of mediun specific gravity. After three weeks of germination 
the seedlings were carefully measured and weighed and their dry 
matter determined, The following results were obtained :— 


452 KOBAYASHI, 


TABLE. AT. 


SORT CHOSEN. 


8 2 Height of |} Breadth of] Weight {Dry matter 
3 $ leaves 

2 8 of of 

5 5 plants. plants. 


Original sample. 30.03 mg. | 1.570 mg. 


Seeds of sp. gr. 1.125 & more. 


_— 2.004. 
» % I.105—1.085 36.31 2.244 
a »  1.065—1.045 34.12 2.083 
>” 9» 1.025 & less. 30.06 2.061 


SORT OKUNA. 


2 S, Height of | Breadth of] Weight |Dry matter 
es plants. leaves. of ese 
‘2 8  |(average of| (average of 
% 5 | 12 plants.)} 12 plants.)| plants. plants. 
Or & : 
Original sample. 96% 11.700 bu.] 1.020 bu. | 32.93 mg.| 1.720 mg. 
Seeds of sp. gr. 1.125 & more. 99% 12.125 1.120 37-51 1.610 
> » 1.105—1.085 99% 14.365 1.415 43.66 2.180 
» ” 1.065—1.045 98% 14.320 1.330 46.91 1.930 
» 1.025 & less. 07% 12.700 1.040 24.74 1.540 


SORT HIROSHIMA. 


2 S Height of |Breadth off Weight |Dry matter 
2 2 plants. | leaves. of of 
= §$  |(average ofj(average of 
5 38 12 plants.)} 12 plants.)} plants. plants. 
Gi es 
Original sample. 96% 13.745 bu.| 1.566 bu. | 31.74 mg. | 1.896 mg. 
Seeds of sp. gr. 1.125 & more. 93% 12.875 1.215 26.91 1.460 
>» »  1.105—1.085 98% — — 29.42 1.830 
> 2» 1.065—1.045 100% 17.717 1.325 31.39 1.805 
>» > 1.025 & less. 98% 16.199 1.105 28.19 1.440 


* one bu=0.333 cm. 
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SORT HAMBURG. 


S . 
3 & | Height of | Breadth of} Weight Dry matter 
eS £ plants. leaves. of of 
‘Be §  {|(average ofjaverage of 
5 9 | 12 plants.) 12 plants.)| plants. plants. 
O _ 
Original sample, 98% 12.930 bu.| 1.155 bu. — 1.970 mg. 
Seeds of sp. gr. 1.125 & more. 93% 14.133 ¥.000 — 1.900 
6 » _ 1.105-—1.085 97% 16.515 1.290 a= 2.568 
33 »  1.065—1.045 95% 15.770 1.400 — 2.455 
99 » 1.025 & less, 97% 14.080 1.350 --- 2.130 


SORT COLZA, 


‘3 &% | Height of | Breadth of} Weight |Dry matter 
Se plants. leaves. Ai wi 

‘a @ | (average of 

ie 2 | 12 plants.)} 12 plants.)} plants. plants. 


1.110 bu. 


Original sample. 10.300 bu. 27.75 mg | 1.470 mg. 


Seeds of sp. gr. 1.125 & more. 11.400 1.480 31.25 1.340 
93 5,  1.105—I1.085 12.700 1.130 38.33 1.630 
mA = 1.063—1.045 11.400 1,080 31.30 1.980 
A » 1.025 & less. 11.430 1.010 -—— 1.530 


The above table shows that the seedlings from seeds of medium 
specific gravity, which are heavy and regular in shape, generally 
gave superior results as regards their height and the breadth of 
their leaves, as well as their weights and their dry matter. 
Marek’s results show that seeds of different size, do not differ in 
their germination percentage and energy but that the seedlings 
from large seeds have always longer leaves and stalks and are 
heavier than the seedlings obtained from small seeds. These 
results and those obtained by me prove that heavy seeds are always 
superior, 

b.) Relation of the Absolute Weight of Seed to its 

Germination. 
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For this experiment seeds of the Chdsen rape were used and 
five lots, each containing 30 grains, of different absolute weights 
were made to germinate. The following results was obtained :— 


TABVIOW: 


Seeds of the absolute weight of 


Days. Dates. 3 mg. & less.| 3—4 mg. 4—5 mg. |5 mg.& more. 
I 19 March. oO fo) fo) fo) 
I Be)" tp 18 27 26 22 
IN Brew FR 7 3 3 7 
W225 ls 2 _ fo) fo) 
Vie22) ns I = I fe) 
Nila ays; fo) = — fo) 

Wille 250, ro) — = fo) 

Vill 265 55 fo) — -~ I 
10 OTe a OD mae £. = 

Total no, germinated. 29 30 30 30 

Germination percentage. 96.7% 100% 100% 100% 


After three weeks of germination, the plants were carefully 
measured and weighed and their dry matter determined. The 
results were as follows :— 


TABLEAU: 


Absolute weight | Height of plants. Weight of dry 
(average of 12 | Weight of plants. Length of root. 
of a seed, plants) matter, 
3 mg. & less. 14.55 Bu, 22.91 mg. 1.227 mg. 14.54 Bu. 
3—4 mg. 13.31 38.80 2.103 21.38 
4-—5 mg. 13.56 43.81 3.193 28.08 


5 mg. & more 14.42 48.04 — 24.89 
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The above tables show that the germinative energy are 
irregular in the case both of heavy and light grains but that the 
germination percentage was inferior for lighter seeds. The height 
of seedlings were also irregular, but the plants from lighter seeds 
were always much weaker; they were also lighter and contained 
less dry matter than those obtained from heavy seeds. Thus there 
exists a definite relation between the weight of a seed and the rigor 
of the seedling. The experiments made by Marek and those at the 
Laboratory of Plant-physiology at Halle as regards the germination 
of large and small grains of beans, peas, wheat, linseed, and beet 
gave similar results to the above. In these experiments, all the 
peas and beans germinated both light and heavy grains, and with 
wheat, linseed, and beet the germination percentage of the smaller 
grains was rather inferior. The results of the measurements of the 
seedlings of both grains, which have grown out only of their reserve 
matters, made by Marek also agree with those of mine, 

c.) Relation of the different Absolute Weight of Seeds 
arranged in a Series according to Specific Gravity to their 
Germination. 

Three sorts of rape seed—Choésen, Okuna, and Hiroshima— 
were taken and arranged in a series according to different specific 
gravities and the seeds of a given specific gravity were again 
arranged in the order of their absolute weights. The results were 
shown in the following tables :— 
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These results show that the germination energy and percentage 
are about the same in the seeds of different specific gravities and 
absolute weights, but that, for a given specific gravity, the length 
of the shoots and roots and the dry matter of their seedlings 
increase proportionately with the weight of the seeds, and that when 
we compare seeds of the same absolute weight but of different 
specific gravities the results are found to be in favour of the seeds of 
medium specific gravity on the average. In the preceding chapter 
it has been proved that the seeds of medium specific gravity have 
also, on the average, greater absolute weight than those of 
maximum and minimum specific gravities and consist mainly of 
heavy grains. Thus it may be stated that as large heavy seeds 
produce good seedlings and best crops, seeds of medium specific 
gravity should be selected in the case of rape. For the selection of 
rape seed, however, its oil content must primarily be taken into 
account and it is very important to ascertain whether the seeds 
which have strong germination power and which consequently 
promise a better growth and superior crops always contain more oil 
than the weaker or not. The results of my experiments on this 
point will be described in the next chapter. 

III. The Relation between the Specific Gravity of Rape 

Seed and its Oil Content. 

The object of this experiment was to find out the specific 
gravity which should be taken as the criterion for the so-called 
“‘specific gravity selection,’’ by means of which rape seeds richest 
in oil could be separated and to determine which sorts of rape are 
comparatively rich in oil. Thus the experiments were divided into 
two groups :— 

a.) Those directed to determine the relative richness of 
different sorts in oil. 

b.) Those pertaining to the relation of the oil content to 
the specific gravity of seed. 

Soxlet’s method of fat estimation was followed in this 
investigation. 

a.) Relative Richness of different Sorts in Oil. 

Four sorts of rape seed were taken and their specific gravities 
were determined, and the percentage of water and oil was then 
measured ; thus :~- 
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Air-dry matter. 


Specific 
gravity. 


Fat in dry 
matter. 


Water. Fat. 


COlzaa Se Mesa torso. Pes 43-77% 47-4896 
Okumaie cenceecssen scares cee 42.32 45.98 
Ghoseniereccreniscwrress sarees 41.27 45.03 
Ilamibureyerpascssurceseceores 40.11 43.62 


The oil content differs much with differents sorts. Colza, which 
has the lowest specific gravity, has been found to be richest in oil, 
then follows Okuna and the oil content increases with the decrease 
of the specific gravity. The results obtained by Wollny with Dutch 
rape agrees with mine and is as follows :— 


Weight of 100 


eras. Sp. gr. Fat & oil. 
a —' 
Ap UAL OCISCE aeschcasescrressecer-eanet 0.554 1.0393 49.51% 
\o}))  Wilcobhotna Gesel oc onensanecodencooeode 0.429 1.1004 49.03 
COMA SCCM cncrcnesstsecssesrscsests 0.336 1.114] 46.77 


b.) Relation of the Oil Content to the Specific Gravity of 

Seed. 

Three different sorts were used for experiment. The percent- 
age of water and oil was determined for their original samples as 
well as for each of the four groups, into which the seeds were 
divided according to specific gravity. The results were as 
follows :— 
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For each sort seeds of medium specific gravity are generally 
richer in oil, and we see from the above that the seeds whose 
specific gravity lies between 1.105 and 1.085, are richest in oil, and 
these are followed by those of the specific. gravity of 1.065-1.045 ; 
but that the seeds whose specific gravity is greater than I.105 or 
less than 1.025 are poorer in oil. It has also been observed that 
the group richest in oil cansists as arule of large and plump grains 
of regular size. The results obtained in some experiments made at 
the Central Experiment Station at Nishigahara near Toky6d agree 
tolerably well with mine and may be quoted for comparison :— 


CHOSEN. HAMBURG. 


Air-dry. Air-dry, 


Water. Fat. Water. Fat. 


Fat in dry 
matter. 
Fat in dry 
matter 


Seed which floated on the ||) ae ; Fi ' 
distilled water of 30°C. 10.63%] 33-40%] 37-3726| 11-80%] 31-50 | 35.69% 


10.75 | 43.25 | 48.46 | I150 | 40.35 | 45.59 


water of 15°C. 


Seed which floated on the salt 


water of sp. gr. 1.05 


Seed which floated on the well f 
f 11.60 44.20 50.00 11.10 40.90 46.01 


Seed which floated on the salt] 


water of sp. gr. 1.10 10.60 43.99 49.20 11.80 41,20 45-71 


11.40 37-95 42.82 12.30 30.35 41.45 


Seed which sunk in the salt 
water of sp, gr. I.10 


According to Marek and Wollny large seeds contain generally 
both absolutely and relatively more oil than small ones. The 
results obtained by these investigators were follows :— 


MAREK. 
{ large seed. 2.59% oil in dry matter. 
Beans. | small seed. 2.32 
\ large seed. 4.07 
Wes ! small seed. 3.87 
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large seed. 2.58 
Ne ao seed. 2.49 
large seed. 32.52 
Flax, (small seed. 23.76 
t large seed. 48.92 
Rubsen’ | small seed. 44.35 
WOLLNY. 
large seed 49.44% oil in dry matter. 
Winter rape. + medium seed. 49.26 
small seed. 46.30 


Marek has also obtained 1.468 grams of fat from 100 large 
grains of peas while only 0.524 gram was contained in small ones. 
Wollny’s experiment on oats and rape gave the following results :— 


Weight of Specific Water. Fat. 


100 grains gravity. 
large: seeds a ncnecuse eh neta 3.49 gram. 1.3364 9.12% 5.22% 
Oats. cee SCGd sn eevee ete tee 2.82 1 3386 9.34 5-35 
\smalll seed 2.0.0)... scee-0-0: 1.93 1 3208 9.41 5-78 
larxersced eereaso aera eeeiee 0.554 1.0393 5.62 49.51 
Rape. ) medium seedsssccen teeeeneeee 0.429 I 004 5.69 49-03 
SmalllUSeed ep seeeeeeeen eee enone 0.336 1.1141 5-92 46.77 


Thus, the results of investigators all go to show that large 
and consequently heavy seeds are rich in oil. My results, as 
already mentioned, also lead to the same conclusion, and they also 
show that with rape, plump grainsof regular size always have a 
medium specific gravity. Marek attributes the richness in oil of 
large seeds to the transformation of starch into oil in the process of 
ripening since large seeds are always fully ripened ones, while 
small ones are more or less immature. This hypothesis, however, 
seems to me to necd further investigation. 
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CONCLUSION. 


The results of my experiments may be briefly summarized as 
follows :— 

1.) As to the relation of the specific gravity and the absolute 
weight of rape seed, grains of medium specific gravity 

a.) Have a regular shape and are large and plump. 

b.) Are heaviest. 

c.) Consist mainly of heavier grains when compared with 
those having maximum or minimum specific gravity. 

2.) The relations of the specific gravity and absolute weight of 
rape seed to germination are as follows :— 

a.) Seeds of medium specific gravity are always superior 
in their germinating capacity and produce more vigorous 
seedlings, when compared with seeds which have much higher 
or lower specific gravity. 

b.) Heavy seeds produce longer and heavier seedling 
than lighter ones. 

c.) When for a given sort of rape, seed grains are divided 
into several groups according to their specific gravity and 
absolute weight, heavier ones give always better results in 
germination, and on the whole those of medium specific gravity 
are the best for sowing. 

3.) Results of the estimation of fat in rape seed. 

a.) Ofseveral sorts of rape, Colza which has the least 
average specific gravity is richest in oil, then follows Okuna, 
and then Chosen and Hamburg, the seeds of which latter have 
a grater specific gravity than those of the preceding two. 

b.) For a given sort of rape, seeds of medium specific 
gravity are richest in oil. 

Generally it has been found that the groups of lower specific 
gravity always contain many immature grains and those of higher 
specific gravity smaller grains, while those of medium specific 
gravity are richest in oil and consist of heavy_grains of superior 
germinative power and promising better harvest. Thus, it is 
evident that in the case of rape, seeds of medium specific gravity 
should be selected for sowing. For this purpose, lighter seeds 
and foreign matters must be separated from the heaviest ones first 
by means of fanning mills; the latter must then be passed through 
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sieves in order to get rid of irregular grains of higher specific 
gravity, and the lighter ones must be skimmed off in a solution of 
common salt having the specific gravity of 1.045. The large, heavy 
and regularly shaped grains of the medium specific gravity of about 
1.045-1.105 left after these selective processes must alone be 
employed for sowing. 


TOKYO, JUNE, 1806. 


On the Effect of Steeping on Rice-seeds, 


BY 
T. Yokoi, Vogakushi. 


Professor of Agriculture. 


When seeds are steeped in water, the nutriment they contain 
must necessarily be more or less dissolved out, the quantity 
dissolved being different in different kinds of seeds, the length of 
steeping and the temperature and quantity of the water used. 
According to an experiment of F. Haberlandt™ the following 
quantities of dry matter were dissolved out from various seeds, 
during 24 hours of steeping. 


Wheat 1.14% Field bean = 2.58% 
Rye T3553 Kidney bean 6.48 ,, 
Barley U33h,, ed clover. ll. ll, 
Oats 200) ;. Linseed W220 
Maize Oso Hemp LO ,, 
Pea BO3)55 Poppy PAO) 5 


On the influence of temperature, A. Zoebl’s experiment has 
given the following results. 


Loss of dry substance: 


maize. barley. 

ft q in cold water of 7°C. 4.34% 3.26% 
SEE EAN. imwarm., 5. 116 C- BAS ns ANG Oene 
ee jin COLUM een OCs 261045,  19:445,5 

MISS Se OST (inewaray; 4, 1S-C. 3370, | 27-1255 


(1) Der allgem. landwirthschaftl. Pflanzenbau, Wien 1879. 

(2) Ibid. and Wollny’s Saat und Pflege der landwirthschaftl, Kalturpflanzen, [Berlin 
1885. It is rather remarkable that Zoebl’s figures show such a regular and decisive effect of 
the length of time on the percentage of dissolved matter. Unfortunately we can not get 
access to the original literature. 
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Zoebl’s analysis has moreover shown that not only ash con- 
stituents but also nitrogenous and non-nitrogenous organic sub- 
stances are considerably dissolved out during steeping : 

The injurious effect of long continued steeping especially in 
warm water is certainly attributable to this fact and partly also to 
the multitude of bacteria which prosper in water. 

Notwithstanding these injurious effects of steeping especially 
in warm water, our farmers have been in the custom of steeping 
their rice seeds for a number of days, generally 3 weeks and in some 
cases for 100 days or more without, however, such detrimental effect 
as has been observed in the case of wheat, barley and other seeds, 
so long as water of low temperature was used. 

As to the effect of length of steeping on the productive power 
of rice, our experiments for many years, have gone to show that 
long steeping does comparatively little injury to rice seeds, while 
when sown without steeping its germination is rather prolonged— 
thus entailing only a drawback. According to our experience, 
with large quantities of seed, however, steeping for about 120 days 
destroys, even in favorable cases, the vital power of some 20 or 30 
per cent of the grains; and those that survive germinate with 
difficulty. 

From these facts, it must be concluded that rice seed has a 
remarkable power of withstanding the action of water and bacteria. 
Indeed this would not be any wonder when we reflect that rice, 
when in the wild state, must have been in the habit of shedding its 
seed in marshes, in which they could retain their vital power for a 
long time. We shall now proceed to examine more minutely some 
of the effect of long steeping on rice seeds. 

Our experiment was commenced on January 20, 1895 with 
114.812 grams of seed steeped in 3 litres of pure water, and was con- 
cluded on April 23 of the same year,—the seed having lain in water 
for 100 days, when the seed was taken out from water and each grain 
was carefully wiped with blotting paper to deprive it of the water 
adhering to it. The whole seed was found to weigh 140.8992 grams, 
the increase being due to the water absorbed during steeping. 

After drying at about 97°C for some hours, the weight de- 
creased to 106.1896 grams. 


(3) M. Fesca in his Beitrage zur Kenntniss der Japanischen Landw. Sp. Theil, state 
only the two results of my experiments executed in Chikuzen where the experiments on a larger 
scale were prolonged for many years. The results of these experiments are stated in the text. 
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On analysis we found the composition of the original and the 
steeped seed to be as follows :— 


The original seed. The seed after steeping. 
Yi ets as Ses Aes ie Or 10.0762 14.4600 
Motal:dry matter <))2/. 89.9238 85.5400 
*100.0000 100.0000 
Organic matter ......... 85.9066 81.2580 
ets) RA eee A Ade 4.0172 4.2820 
Nitrogenyeso- oes. sae as. 1.1068 0.9329 


Thus it may be seen that the percentage of dissolved matter by 
weight amounts only to 12.018% of the total dry matter, containing 


Or eamic Matter... cies cess 11.955.% 
JANG Nl bodice tree CAA aE ea ae eR EEN 0.063 ,, 
ee Nitropenous matters. .2c se... 2 F690 
Non-nitrogenous ,, FO;Z56) 5; . 


This result when compared with the result of A. Zoebl, with 
barley and maize, shows strikingly the power of rice seed to with- 
stand the dissolving action of water. The fact becomes more 
remarkable when we take into consideration not only the time of 
steeping but the temperature of water during the interval. The 
bottle with the seed was placed ina cool room; but as the room 
was daily warmed during the latter half of the experiment, the 
water must also have become somewhat warmer. Daily observa- 
tion of the temperature of the water, showed that the lowest tem- 
perature observed was 1.0°C. and the highest 16°C. both these 
temperatures having been observed only twice during the whole 
experiment. Aside from these two extreme cases the temperature 
of the water was in general over 3°C. and below 10°C. during the 
first 69 days, and above 10°C. and below 16°C. during the latter 31 
days—being on the average lower than that of Zoebl’s warm water 
and higher than that of his cold water. 

Another fact which struck us during the experiment was the 
small quantity of bacteria found in the water. The water was 
remarkably clear even after many days of steeping and did not show 
such brown or dark brown colouration found almost directly after 
steeping in the case of barley and other grains, Bacteria were 
found forming a thin film on the surface of the water; hence it is 
perhaps not unreasonable to suppose that rice seed contains some 
ingredient detrimental to the growth of bacteria. 
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It is rather curious that our steeped seed remained without 
germination in water with the temperature above the minimum for 
germination so long as 31 days.“ Indeed as has already been 
stated, very long steeping, according to our experience, seems to 
make the seed germinate with difficulty. We have also tested our 
long steeped seed as to its power of germination. 200 grains each 
of steeped seed and the seed without steeping were transfered on to 
the Liebenberg’s germination apparatus and the result was as. 


follows :— 
Number of germinated grains. 
Dates of observation. Seed, steeped. Seed, not steeped. 

April. 23 -- — 

yy 24 aa = 

25 25 163 — 

. 26 13 Uf 

5 2 ) 84 

r» 28 5 76 

3 29 I 26 

yy 30 2 I 

May. I I I 

Hi 2 I — 

Total. 195 195 


From this result, it may be seen that the number of grains that 
germinated was exactly the same in both lots (97.5%). But the 
seed which had not been steeped germinated one day later and the 
germination was at first very irregular when compared with the 
steeped seed. This fact is undoubtedly to be attributed to the 
difficulty with which the seed absorbs water in the apparatus, and 
if the seed had been steeped for 24 hours or so before the experi- 
ment, the result would probably have been otherwise. However, 
when we take number of germinated grains during the first 4 days 
after the commencement of germination in each case, we get 190 
and 193, which is calculated in percentage 95% and 96.5% re- 
spectively—thus showing the germinating power slightly in favour of 
the seed which had not been steeped. On the whole it seems that 
though rice seed has such a remarkable power of withstanding the 
action of water and although the result of the germination experi- 


(4) The minimum temperature for germination of rice seed, according to Haberlandt 
is 10-12°C, and rice seed is capable of germinating under water. 


ON THE EFFECT OF STEEPING ON RICE-SEEDS. 473 


ment does not show a decided effect, the steeping so long as 100 
days is not without influence and the germinating power of the seed 
is more or less damaged by it. 

As a conclusion, we may state thus: rice seed has a re- 
markable power of withstanding the action of water when steeped, 
and this fact is probably to be attributed to the comparatively small 
solubility of its nutriment and its power of preventing to a certain 
degree the growth of bacteria so hurtful to the germinating power of 
seeds. 


(5) A curious fact was observed during the experiment ; the five grains which did not 
germinate in the steeped seed were taken out without moulding, which was not the case with 
the seed which was not steeped. 


On the Aborption of Water by Rice-Seed. 
BY : 


H. Ando, Nogakushi. 


The time required for saturation with water is different with 
different kinds of seed, the quality of water, and the temperature 
during steeping. Our farmers have froma very old time been in 
the practice of steeping rice seed for days, weeks or even more 
than 3 months; 3 weeks being general. They generally select cool 
places, especially in warm regions, so that the seeds remain 
without sprouting ; but the question is whether such a long time is 
required for rice seeds to absorb sufficient quantity of water for 
germination. 

To solve the question I have undertaken a series of experiments 
in 1894-1895. Various samples of rice seeds were steeped in water 
and the increase of their weight was observed from time to time 
until it became fairy constant. 


EXPERIMENT I. 


This experiment was made in April 1894, when the daily 
temperature of the atmosphere stood between 10° and 16°C. On the 
sixth day of steeping, some of the grains began to germinate, and 
thereafter the increase of weight was no more observed. The result 
is shown in the following table :— 
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30 grains weighing 921.2 gr. when dry. 


Hours after steeping. Weight of grains after] Increase of weight | Increase of weight in 


steeping in mgr, in mer. 9% of the original. 

2.5 966.2 45.0 4.88 
5. 980.8 59.2 6.43 
7: 989.4 68.2 7.40 
25. 1042.2 121.0 13.14 
29. 1055.6 134.4 14.59 
49. 1084.2 163.0 17.69 
99- 1134.6 213.4 23.16 
120. I 136.6 215.4 23.38 


EXPERIMENT : Il. 


The second experiment was made in May of the same year, 
with the daily temperature varying between 15°-18°C. Germination 
began on the 5th day of steeping and on the 7th day the number 
of germinated grains was more than one-third of the whole. The 
results were as follows :— 
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LOTS Tf ANDEE 


30 grains in each lot weighing 920.8 and $88.4 mgr. respectively. 


g bb biases 7 Increase of weight in mgr. OT nents % 
=? Lot 1 Lot 2 Lot 1 Lot 2 
I 34.2 34.2 3.71 3.86 
2 42.4 45.8 4.80 5-11 
3 45.8 50.6 4.97 5-70 
4 52.0 55-2 5-64 6.21 
5 58.0 61.6 6.30 6.93 
6 67.6 67.6 7.34 7.61 
24 131.8 128.2 14.31 14.32 
30 142.4 140.2 15.46 15.78 
48 165.8 165.6 18.00 18.65 
54 175.2 168.6 19.02 18.98 
72 186.0 184.6 20.19 20.78 
78 196.6 184.2 21.34 21.35 
96 206.4 199.0 22.41 22.41 
102 207.4 199.6 22.51 22.47 


120 208.2 204.6 22.66 23.04 
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LOTS OME ANDFLY - 


(30 grains) 


Wt. of seed before | Wt. of seed after | Increased wt. by | Increased wt. in % 

Hour steeping in mgr. steeping in mgr. steeping in mgr. | of total original wt. 
after 

steeping. 


Lot 3 Lot 4 Lot 3 Lot 4 Lot 4 Lot 3 Lot 4 


896.0 905.0 934-0 940.8 35.8 4.24 3-95 


908.8 | 942.4 | 955.0 | 976.4 34.0 5.08 3-60 
952.4 912.6 | 1004.2 954.8 42.2 5-44 4.62 
951.2 921.2 1005.2 972.0 50.8 5-46 5-58 
914.0 898.6 972-0 960.8 62.2 6.39 6.92 
924.8 | 925.2 | 985.6 | 0809.0 63.8 6.58 6.90. 
943.0 919.8 | 1009.6 995.0 75.2 7.06 8.17 
917.8 876.2 1002.0 967.2 91.0 9.17 10.38 
927.6 879.0 | 1017.4 960.6 81.6 9.67 9.28 


927.6 904.6 | 1026.8 | ro110 106.4 10.69 11.75 


917.6 893.2 1037-6 | 1008.4 115.2 13.07 12.90 
g0r.6 895.0 | 1025.6 | 1019.6 124.6 13-74 13-92 
886.4 903.2 1017-4 | 1037.4 134.2 14.83 14.86 
937-6 917-0 | 1094.0 | 1077.3 160.3 16.67 17.42 
941.8 934-6 | 1102.3 | 1100.2 165.6 17.09 17-71 
956.2 | 887.8 | 1133.0 | 1044.8 157.0 18.49 17.68 
$90.8 877.0 | 1062.2 | 1047.4 170.4 19.23 19.43 
945-4. 926.2 | 1128.0 | 1110.6 184.4 19.32 19.91 
905.6 895.2 | 1125.0 | 1076.2 181.0 24.21 20.22 


913-0 899.2 | 1102.6 | 1080.6 181.4 20.76 20.17 


938.2 929-8 | 1141.2 | 1129.0 199.2 21.64 21.42 


896.0 867.2 1085.8 1060.0 192.8 21.18 22.23 
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EXPERIMENT III. 


The experiment was carried out in May 1895. In this case, 
the seeds did not germinate on account of the lower temperature 
and the time required to saturate them with water was somewhat 
longer. The result may be summed up as follows :— 


(50 grains.) 


__, | Wt. of seed after steeping | Increased wt. by steeping Increased wt. in % of 
loge in mgr. in mer. total original wt. 
Lot 1 Lot 2 Lot 1 Lot 2 Lot 1 Lot 2 
fo) 1562.0 1588.6 — = ae a 
I 1640.0 1653.4 78.0 64.8 4-99 4.08 
2 1660.0 1671.4 98.0 82.8 6.27 5.21 
2 1680.0 1687.8 118.0 99.2 7-55 6.18 
4 1693.4 1703.4 131.4 114.8 8.41 7.23 
& 1704.2 1718.4 142.2 129.8 9.10 8.15 
24 1785.2 1787.0 223.2 198.4 14.29 12.49 
48 1845.8 1846.8 283.8 258.2 18.17 16.25 
72 1899.0 IQI1.6 3370 323-0 21.32 20.33 
go IQII.4 1927.0 349.4 338-4 22.37 21.32 
168 1918.5 1944.9 356.5 356.3 22.82 22.43 
240 1922.1 1944.1 360.1 355-5 23.05 22.38 
CONCLUSION. 


From the figures above tabulated, it may be seen that on the 
average 22.57 % of water by weight is required to saturate a certain 
quantity of rice seeds with water—neglecting the small quantity of 
dry matter dissolved out during steeping. This quantity of water 
seems more than sufficient for germination and to absorb this 
quantity it requires at a low temperature 240 hours and in a high 
temperature 102-120 hours. From these results, it may be seen 
that 5-7 days of steeping are sufficient for rice seeds to absorb 
enough water to facilitate germination. 


—_—~ 


On the Specific Gravity of Rice Seeds in Different 
Stages of Ripening, 
BY 
H. Ando, Nogakushi. 


It is a well known fact that the specific gravity of seeds varies 
in different stage of ripening, but the results obtained by previous 
investigators do not agree with one another. According to Marek“ 
and Nowacki,™ the specific gravity of wheat and rye decreases as 
the seed ripens ; but the result obtained by Lucanus™ is opposed to 
that of those two authors. Such a contradiction is not to be won- 
dered at when we consider that the specific gravity of seeds varies 
with various circumstances, e.g. the conditions in which seeds are 
produced and with different kind and varieties of plants. 

As regards rice seed, which is covered with a light, porous 
husk, it is exceedingly probable that its specific gravity should vary 
according to different laws from those obtained in other cereals. 
To get an insight into the matter, I selected, in 18095, some rice 
seeds at 5 different stages of ripening and determined their specific 
gravities both in the fresh state and after after-ripening. 

Period I. Milk-ripe :—both grain and straw still green, seeds 
yielding a white milky juice easily pressed out between fingers. 

Period II. Green-ripe :—husk and straw beginning to become 
yellowish, endosperm already full, though still very soft. 

Period III. Yellow-ripe :—husk and most straw yellowish ; 
seed tolerably hard. 

Period 1V. Full-ripe :—husk and straw tolerably dry and ofa 
pale yellow colour, seed very hard. 

Period V. Dead-ripe :—husk and straw entirely dry and of a 
yellowish white colour. 


(1) and (3) Harz, Samenkunde, Vol. I. p. 515. 
(2) Nowacki, Getreidebau, p, 235-239. 
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The results of my observations are summed up in the following 
table :— 


Specific gravity. 


Stage of Dates of 
Sorts. 
ripening. harvest. Fresh Ditto,® air : 
grains.) dried. Aiter-ripen. 

Milky. Oct. 15th. 1.1087 0.7408 0.8291 
Green. 2oth. 1.1885 0.9934 1.0174 

Shiratama. 
Yellow. 22nd. 1.2765 1.2060 1.2022 
Full. Nov. 6th. 1.2225 1.2107 1.2069 
Milky. Oct. 18th. 1.1383 0.8264 0.8730 
Green. 2oth. 1.2006 0.9549 1.0214 

Sekitori. Yellow. 25th. 1.2579 1.2020 1.1919 
Full. Nov. 6th 1.2218 1.2040 1.1851 
Dead. Dec. 13th. ~—- 1.2083 
Milky. Oct. 18th. 1.1236 _ 0.8490 
Green. 22nd. 1.2373 1.0901 

Java. 
Yellow. 25th. 1.2351 1.2028 
Full. Nov. 6th. 1.2346 1.2313 
Milky, Oct. rath. 1.1325 0.9074 
Green. 18th. 1.1704 0.9838 
Hiye-mochi. 
Yellow. 22nd. 1.2368 1.1799 
Full. Noy, 1st, 1.1917 1.1608 
Milky. Oct. 12th. 1.1924 0.9144 
Green, 18th. 1.2138 0.9968 
Zakkoku-mochi. 

Yellow. 23rd. 1.2511 1.1206 
Full. Nov. Ist. 1.2137 1.1422 


(1) and (2) are of same sample. 
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Erom the above table, it can clearly be seen that the specific 
gravity of rice seed increases with ripening. On the other hand, 
the specific gravity is less when air dried than in the fresh state. 

These changes are probably to be attributed mainly to the fact 
that the light and porous husk which is first formed does not change 
in size with the development of the seed inside, and is moreover 
relatively heavier in the milky and green stages than when fully 
ripe, and that with drying the seed shrinks up by losing much water, 
leaving much space between the seed and the husk, the space 
necessarily being larger in the milky and green stages than when 
fully ripe. 

The following table shows these relations clearly :— 


Weight of seed. Husks in 9% of 


Stage of ripening. (20 erains) Weight of husk. total weight 
= of seed. 

Io peeccere chet wtaisiskee rac clic: 265.8 mgr. 88.8 mer. 33-41 % 
AG TOEM orate ef seisieye Sop80 OF Het 452.0 92.6 20.57 
MGUON? 2 dabnoe baqooaea setae: 582.4 96.6 16.60 


DR ODAOURDO ABO COO Gab BUCO OOODE 503-1 101.5 16.83 


On the Development of the Plumule and Radicle of 
Rice-Seed with Various Quantities of Water 
in the Germinating Medium. 


BY 


T. Yokoi, Vogakushi. 
Professor of agriculture. 


With Plates XVI—XV1. 


It has already been shown by F. Haberlandt that some kinds of 
seed germinates under water deprived of air.* Our experiments 
have also shown that rice seed is one of them. Indeed, rice seed 
germinates freely under water with or without air. Yet it has been 
observed that in the case of germination under water the plumule 
alone elongates long before the radicle appears. It has also been 
observed in the case of other grains, that in media with different 
quantities of moisture the plumule and the radicle develop in 
different proportions. 

To show the matter clearly I allowed 10 grains of rice to 
germinate under water and on sand with different quantities of 
moisture. The sand selected was found on examination to have 
the water holding capacity of 31.5 % by weight. On germination, 
the lengths of the plumule and the radicle were determined, 
sketches of an average specimen having been taken each time. 

The result may be seen from the following tables and sketches 
(Plates XVI-XVII). The first experiment was made in July 1895, 
and in May 18c¢6 the experiment was repeated. 


* Der allgem. landwirthschaftl. Pflanzenbau. Wien, 1870. 
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EXPERIMENT I. 


TABLE I. 


Length of plumule and radicle in milimeter. 


Per cent of water in sand. 


Ist day. and day. 3rd day. 4th day. 
No. l plum.| rad. |plum.} rad. |plum.| rad. | plum.| rad. 
I ee oe tes ao i 3.03 | — | 636| -— | 18.48] 0.60] 27.27| 4.64 
Il genes a Ege ee a t 3.33 | — 7.57 | — | 22.72] 0.60] 30.30] O.or 
I 300% 2.30 | 3-33 | 4-24 | 11.81 | 9.69) 27.57] 18.78] 31.87 
TVS 7 0.90 | 7.27 | 1.81 | 13.63] 4.54] 16.06] 7.57] 21.51 
We ees 0.30 | 3.03 | 0.go] 6.06] 2.36] 15.75] 4.54] 19.69 
Vile 20); -— — — 4.54.| 1.87] 12.12) 2.72) 13.63 
VIE 8"; -- _- — 1-30) 0.90)||53:08)| 0-20) e454 
WANE Wake 5s — — — = --- 2.72| 0.60] 4.24 
X25, - 0.90} Oo 1.87 
».¢ e655 - -- — — _- 0.60] Oo 0.90 
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TABLE II. 


Calculated ratio of plumule to radicle. 
Per cent of water in sand. 
1st day. 2nd day. 3rd day. 4th day. 


Water without sand l : 
: covering seed. \ ia ma ica cs fc 


U Superfluous water in sand t 


covering seed. 
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TABLE II. 


Calculated ratio of plumule to radicle. 
Percent of water 


in sand, Sy a By Ly = s s & 
Z s uc) S| = s 3S S 
po ap ee | a ee Oa 
INL ee ; : 
Wateriwithout)))| pan ie9| Pies etn | Daleetn || Daneman OS mente eens | Dammmeten | TM | Pate 
I sand covering — — — |: 0.32/I : 0.33/1 : 0.46/1 : 0.62)/r : o.80|I : 1.10 
seed. j 
Superfluous } 
II waterinsand +}| — — = — {I : 0.24/1 : 0.34/1 : O.40]1 : : 0.71 
covering seed. 
TSO % — |120.74/r : 1.40jl : 1.57|1 : 2.51/1 : 2.24]1 : 2.45]0 : : 2.09 
TV 2705 — |1 20.711: 1.30/1 : 1.58] : 2.22]1 : 1.93|1 : 1.69]r : 21.57 
Ve 24 is — JL 22.50/14 : 2.88]1 : 3.30/1 : 2.45] : 2.18]1 : 2.04]1 : : 1.92 
VAT 20), & — |1 : L.25]% : 1.4q4}1 : 1.66/14 : 2.20/1 : 2.34|1 : 2.63)1 : 2 2.26 
WAL) Fish — — |r: 1.60]t : 1.88|1 : 2.60]1 : 2.66]1 : 2.61/12 : : 2.61 
WANOE Tee — |I: 1.80lr : 2.87/1 : 3.08/1 : 3.44) : 3.53|1 : : 3.66 
LXS 12 — ~~ |L: 4.75|0 : 4.51/1 : 5.26]1 : 5.00/1 : 5.03|1 : : 4.64 
x alse — = — |I:14.14]1 : 7.00]1 : 5.36]1 : 4.75/21 : : 5.60 


From these figures and the subjoined sketches, it may clearly 
be seen that the quantity of water in the sand has a great influence 
upon the relative development of the plumule and radicle ; when 
allowed to germinate under water with or without sand, the 
plumule alone develops 2 or 3 days before the radicle could be 
clearly recognised. On the contrary, when the quantity of water 
contained in the sand is scanty (between 15 %—7.5 9) the radicle 
develops before the plumule. When the percentage of water falls 
below 27 or in one case 24 germination is greatly retarded and with 
it the whole development of seedling, and some irregularities are 
observed in the ratio of the plumule to the radicle; but carefully 
comparing the figures, it may clearly be seen that with the decrease 
of the percentage of water, the difference becomes greater, that is 
to say the redicle develops comparatively faster than the plumule. 
It has also been observed that when the radicle is surrounded with 
abundant quantity of water very few or no root hairs could be found 
on it. 

Such a phenomenon seems to be very natural as the main 
function of the radicle is the absorption of water, and to absorb a 
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sufficient quantity of water from a scanty source the radicle must 
develop faster, (and produce more root hairs) to enlarge the 
absorbing surface, than when there is abundant supply. We see, 
however, when we examine the figures in each of the two experi- 
ments and compare similar cases, that the ratio is seen to ‘be more 
or less different. This fact is probably to be attributed mainly to 
the difference of temperature in the two experiments. 

It has been the custom in our country from remote ages to let 
out the water of rice-fields in the morning, after the rice seeds have 
been sown, and let it in the evening. One good effect of this 
procedure is of course the warmth imparted to the fields by sun- 
shine in the daytime and protection from cold or even frost at night. 
Another explanation of this procedure has often been sought in the 
necessity of exygen during germination. Indeed, in the warmer 
parts of our country, the contrary procedure is sometimes observed, 
water being let in in the morning and let out in the evening. Where 
the field has an inclination to dry out when the water is drained off, 
there we observe that farmers are in the custom of draining off the 
water when the seedlings are striking out the roots, saying that by 
this means the roots become ‘ firm.” 

Now since as we have seen from the result of the above 
experiments, rice seeds though covered with the water of irrigation 
will not be much in want of oxygen but will freely germinate under 
water, the explanation hitherto given as to the benefit of letting out 
water in giving the oxygen to the germinating seed, must be 
withdrawn. The true explanation is undoubtedly to be sought in 
the benefit due to the acceleration in the growth of roots so neces- 
sary to the normal development of the seedlings. Thus it must be 
suggested to the farmers to irrigate the field after sowing in sucha 
manner that water shall not be much more than sufficient to saturate 
the soil till the seedlings sufficiently strike the rootlets into it, at 
the same time avoiding the exposure of seeds to dryness, which of 
course will greatly injure their germinating power. 


On the Formation of Proteids and the Assimilation 
of Nitrates by Phenogams in the 
Absence of Light. 


BY 


U. Suzuki, Vogakushi. 


The question whether nitrates can be assimilated and proteids 
can be produced by Phanogams in the dark, still meets with con- 
tradictory answers. Aznzoshita concluded that nitrates can thus 
give rise to some asparagine. He experimented with young 
barley plants 20 cm. high, and found that ammonium salts yield 
much more asparagine than nitrates.” From experiments with 
Lemna, Hansteen inferred that ammonium salts are more easily 
assimilated in darkness, when some cane sugar is present, nitrates 
however but little.® Jshzzuka observed that nitrates stored up in 
the roots of Batatus edulis, Nelumbo nucifera, Lilium tigrinum, 
Flelianthus tuberosus, Capsicum longum, Eutrema wasabi, Colocasta 
antiquorum, tubers of Solanum tuberosum, and in the fruits of 
Cucurbita pepo, gradually decrease, when kept for several weeks in 
the dark, while the amount of asparagine increases. In my ex- 
periments with etiolated shoots of the potato, I also observed the 
conversion of nitrates into asparagine, when some sugar was present ; 
but generally ammonium salts and urea were more easily assimilat- 
ed. Godlewski concluded from his experiments on wheat that 
nitrates can be assimilated in darkness, whereby awzdo compounds 
are produced (whose nature he did not investigate) but no Pro- 
tetds Laurent, on the contrary asserts that neither ammonium 
salts nor nitrates can be assimilated in darkness. I have for some 
time devoted my attention to this interesting question. My first 


(1) Bulletin of college of Agriculture. Tokyo Vol. IT. No. 4. (1895). 

(2) Ber. d. bot. Ges. 14, 368 (1896). 

(3) Bulletin of Coll. of Agriculture. Tokyo, Vol. II. No. 7. 

(4) Bulletin of College of Agriculture. Vol. I. No. 7. 

(5) Auzeiger der Akademie der Wissenschaften in Krakau, Marz 1897. 
(6) 
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6) Bull. de l’ Akademie royale de Belgique 32. No. 2. (1896). 
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experiments failed to prove any assimilation of nitrates in darkness, 
but the consideration that the reduction of nitrates might require 
larger quantities of sugar, led me to increase the latter from 1 
per cent. in the first experiments to Io per cent. in my final experi- 
ments. The results then turned out quite differently. 


i EXPERIMEN With Ee TIOLATED SHOOTS 
OF BARLEY (Hordeum distichon.) 


Shoots of barley 15 cm. high, grown in the dark in moist saw 
dust, were nourished with a 0.2% solution of sodium nitrate as well 
as with other necessary mineral matters” (from October 7 to 14) 
until the shoots attained the average height of 28 cm., thus allowing 
time to store up some of the nitrate. Hereupon, one portion of the 
plants was dried and analyzed, while the other portion was care- 
fully removed from the saw dust, well washed and put ina 10% 
solution of cane sugar half saturated with gypsum. On the fourth 
day the plants were transferred to a solution of containing 0.1% 
mono- and di-potassium phosphate and as much of magnesium 
sulphate. The plants were left in a perfectly dark room for 7 days, 
during which time the temperature was Min. 10°C. and Max. 20°C. 
The solution was renewed every day; no bacterial turbidity was 
observed, the plants remained very healthy and grew 3-4cm. On 
October 21 the plants were taken out from the solution and dried 
for analysis. The plants nourished with the nitrate until the 14, 
contained a moderate quantity of nitrates,.as shown by the 
diphenylamine reaction. But the plants further kept in the 10% 
sugar solution showed no trace of nitrates, diphenylamine entirely 
failing to call forth the reaction. This experiment suffices to prove 
that the assimilation of nitrates can take place in the dark, provided 
there be sufficient sugar present. The quantitative analysis shows 
the result more clearly. 


(1) Solution containing 0.1% K,HPO,, 0.19% KH,PO,, 0.1% MgSO,, half saturated 
with CaSO,. 
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Total dry weight of 100 shoots :— 


Plants treated with N,NO, until the 14th... ... ...1.365 g. 
Plants kept in 10% sugar solution from the 14th to 
Ld 072) tS rn PMN ASL nce mary Woosh Aas UasglEKOIS Oe 


Increase of dry matter during experiment... ... ...0.285 ¢.=21%. 


IN too PARTS OF DRY MATTER. 


Plants treated with nitrate, 


Before nourishment After nourishment 
with sugar (a) with sugar (b) 

‘otalinifrocentueen.sceeceacnesaeeeeee 4.22 3-53 
Albuminoid nitrogen................+- 1.85 1.85 
Asparagine nitrogen .................- 1.26 1.00 
Nitratesinitroment ss sece-eeeeereee enone: 0.32 12) 

@thermnitrocenteesesessseeeetee tere 0.79 0.68 
Proteids)(Allbs Nxi6:25)s sesecspesees 11.56 11.56 
Asparagine (water free). ............ 5-94 4.71 


As the plants kept in the sugar solution increased very much 
in dry matter, the percentage of nitrogen is lower, and no inference 
as to the formation of proteids can directly be drawn from these 
numbers. Therefore we have to recalculate the numbers with 
reference to the total amount of nitrogen, and also the absolute 
amount of nitrogen contained in every 100 shoots. 


IN 1o0 PARTS OF TOTAL NITROGEN :— 


(a) (b) 
Albuminoid nitrogen. ............... 44.00 52.40 
Asparagine nitrogen........-.scsses.+ 30.00 28.30 
Nitrates|imitro genie .tescescsseseeee= 8.00 0 


@therinitrogen! eset eheeee ey 18.00 19.30 
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EVERY 100 SHOOTS CONTAIN :—- 


(a) (b) 


pWotaliaiimorenimereceseeseesce eases: 0.0576 ¢ 0.0582 
Albuminoid nitrogen. ............... 0.0252 0.0305 
Asparagine nitrogen ............ ..... 0.0172 0.0166 
Nitratesimitrogen: -.sse.encsess seccer 0.0044 0.000 
@thersnitwogen:as.s-e-c-ne-ece ee aeeoe 0.0108 0.0112 
Proteids)| (AUD SEN <16:25)) eeecaeaeecs 0.1575 0.19C6 
Asparagine (water free). ............ 0.0811 0.0778 


0.0331 grams or 20% of Proteids increased during the experiment ! 

It is therefore evident that, a considerable increase of albumi- 
noid nitrogen has taken place in the plants treated with 10% suger 
solution; and this increase almost coincides with the decrease of 
nitrates nitrogen. 


iH. SECOND EXPERIMENT WITH ETIOLATED 
SHOOTS OF BARLEY (Hordeum distichon). 


On Oct. 7, when the etiolated shoots of barley, kept in saw 
dust, grew to the height of 15 cm., a portion of them was removed 
from the saw dust, washed well, dried and analyzed. The other 
portion was divided into 4 parts, and put in the following solu- 
tions :— 

1) Half saturated gypsum solution. 

2) 0.2% soduim nitrate, half saturated with gypsum. 

3) 29% cane sugar half saturated with gypsum. 

4) 2% cane sugar and 0.2% sodium nitrate, half saturated 

with gypsum. 


Once in every 4 days, all these plants were transferred for a 


492 U. SUZUKI. 


whole day in solutions containing 0.19% KH,PO,. 0.19% K,HPQ,. 
0.1% MgSO, half saturated with gypsum. 

They were kept in perfect darkness from the 7th to the 2oth., 
the temperature during this time being Min. 7°C. and Max. 21°C. 
The solutions were renewed every day, and no bacterial turbidity 
was allowed to appear. The plants were very healthy and their 
average height at the end of the experiment was 28 cm. After 
careful washing and drying, they were analyzed, with the following 


resnlte 
IN too PARTS OF DRY MATTER. 
-_,| Plants kept Plants kept | Plants kept & ee oe 
Plants dried TICASOMan NaNO, | _ in suger NaNO : 
on the 7th 7th—2oth and CaSO, |and CaSO, and ‘CaSO 
(a) 7th—zoth hehe wth ectha 
() 
otalinitro genta: sasseeeeeee 3.88 3-75 4.30 
Albuminoid nitrogen ......... 2.03 2.40 
Asparagine nitrogen. ......... 0.68 0.96 
INitratesinitrogenis.ssseceeeneee fe) 0.10 
Othewmitroren wees neers 1.17 0.84 
Proteids (Alb. Nx 6.25) ...... 12.69 15.00 
Asparagine (water free) ...... Bee 4.53 
(e) 

Motaleartrogenleeessseeseeeeere 100.0 
Albuminoid nitrogen 55.8 
Asparagine nitrogen 222 
Nitrates mitrogen!.....s-s+.2sss- 2.4 
@themmitrozen beers ee : . : 19.5 


(1) The separation of solutions was necessary to prevent bacterial growth as far as 
possible. 
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(a) (b) (d) (c) 


Dry weight of 100 shoots. 1.300 ¢ 1.240 1.300 1.310 


EVERY 100 SHOOTS CONTAIN THEREFORE :— 


(a) (b) (e) 
Motalimitnogenkyenacesscesccsceaceos oss 0.0504 g 0.0512 0.0563 
Albuminoid nitrogen,................. 0.0264. 0.0229 0.0314 
Asparagine nitrogen ...............--- 0.0088 0.0201 0.0126 
INiiratespmitnroc elmeseseereresesesceases fo} fo) 0.0013 
@thermitrogenwy.e...s.schecceaeeee ae 0.0152 0.0082 0.0110 
eroreids| (AW DSINX06:25)) Seo geeseae. 0.1650 0.1431 0.1963 
Asparagine (water free). ............ 0.0435 0.0948 0.0594. 


Thus we see that during 14 days, about 15% of nitrogen was 
absorbed in the form of sodium nitrate, and that in the plants 
nourished with sodium nitrate and sugar, almost all the nitrates 
absorbed were converted into proteids ; while in the plants nourish- 
ed with soduim nitrate alone, without. addition of sugar, nearly half 
or more of the nitrates absorbed remained unchanged on further 
cultivation. We observe further no increase of albuminoid nitrogen 
in the plants nourished with sugar alone. We can therefore say 
that sugar is absolutely necessary for the reduction of nitrates for 
plants kept in the dark. 


Ill. EXPERIMENT WITH Phaseolus multifiorus. 


On Sept. 22 young plants 10-15 cm. high were removed from 
the field, carefully washed and put in a 0.29§ solution of sodium 
nitrate half saturated with gypsum. They were kept in diffuse day 
light for 2 days to allow them store up some nitrates. Then, one 
portion of them was directly dried and analyzed, while the other 
was again divided into 2 parts and put in the following solutions :— 

1) 1% cane sugar, half saturated with gypsum. 

2) 109% cane sugar, half saturated with gypsum. 

Once in every 4 days the plants were transferred for a whole 
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day in solutions containing. 0.1% KH,PO, 01% K,HPO,,. 
0.1% MgSO,, and half saturated with CaSO,. 

As the solutions were renewed every day, no bacterial turbidity 
was allowed to appear. The plants were kept in perfect darkness 
for 4 days,” during which the temperature varied between 11°C. 
and 22°C. 

Analysis after careful washing and drying gave the following 
results :— 


IN 1o0 PARTS OF DRY MATTER. 


oa 1% Bale 10% ane 

BE Oana * on 28th on 28th 
Motalleniktogen ese eeeseec oe eee Laeent 5.12 512 4.07 
Albuminoid nitrogen ..............++6 2.80 2.15 2.12 
Asparagine nitrogen ..........-..+.-+- 0.82 1.40 0.62 
Nitrates mitropentessssem seer ee 0.36 0.26 0.13 
Other mitrogenw ee cceseseoee ees eee 1.14 1.31 1.20 
IProterd ss 7 -s5- scent see sae tee 17.50 13-44 13-25 
ASPATAQINE «i isecsh/scckewmecseotss seinen 3.87 6.60 2.92 


IN too PARTS OF TOTAL NITROGEN. 


Control Dark Dark 
ied on Batt 1% sugar dried | 109 sugar dried 
ore On 2a on 28th on 28th 
otal mmitrorentyuesc-csarenas eae tecoaee 100.0 100.0 100.0 
Albuminoid nitrogen .................. 54-7 42.0 52.1 
Asparagine nitrogen ..........0..0..0 16.0 BES 15.2 
Nitratesmutrocéne.cs se eesseesete re: 7.0 5.0 3.3 
@therimittogen .ccscssecctecsseceeress 22.3 25.7 28.4 


We observe here a gradual decrease of nitrates nitrogen, de- 
pending much upon the quantity of cane sugar present. But the 


(1) I could not keep them longer, as they began to show signs of suffering. 
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2) 


nitrates assimilated apparently served in this case only for the 
production of amido-compounds. 


iV EXPERIMENT With VOUNG BARLEY 
PVANTS: 


On March 6, some young barley plants were taken from the 
field, and put in a 0.2% solution of soduim nitrate, in diffuse day 
light for 7 days at temperature of Min. 5°C and Max. 15°C. Thus 
the plants had sufficient time to store up some nitrate. On the 
13th the plants were removed from the solution, washed well, and 
one portion of the plant was directly dried for analysis, while the 
other portion was divided into 2 parts. One of these was exposed 
to day light, and the other kept in the dark, both being put in a 
1% glucose solution half saturated with gypsum and once in every 
4 days, they were transferred in solutions containing 0.1% KH,PO, 
0.1% MgSO,, half saturated with gypsum. During the experiment 
the temperature was Min. 8°C. and Max. 15°C. After 7 days, the 
plants were removed from the solutions, washed well, and dried for 
analysis. 


IN too PARTS OF DRY MATTER. 


Control plants Plants in day Plants in dark 
dried on light dried dried on 
13th on 2oth 2oth 
POCA MUO SEM cn varseceutececssccensess 5.18 5-34 6.19 
Albuminoid nitrogen .................. 1.71 1.49 
Nitrates mitrocenyprereaccseaaceseseene) 0.17 0.39 
SPLOLCIOSs te oeanssosensssmeeredisnceneesr ia. 


10.69 
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IN too PARTS OF TOTAL NITROGEN. 


Control plants Plants in day Plants in dark 


dried on light dried dried on 

13th on 2oth 20th 

otal mitrogen’....7.-spsessesseace sere 100.0 
Albuminoid nitrogen .................. 24.1) 


Nitrates nitrogen 


The nitrates nitrogen of the control plants being taken as 100 
the following numbers are obtained : 


Control plant Plants in day light Plants in dark 
Nitrates nitrogen 100. 68. 76. 


This result shows that the formation of proteids from nitrates 
does not take place in darkness when the amount of sugar present 
is very small. 


V. EXPERIMENT WITH POTATO PLANTS. 


(a). Young potato plants tolerably rich in nitrates, were 
carefully removed from the field and washed. One portion of it 
was directly dried, while the other was put in a 196 sugar solution 
half saturated with CaSO, from which it was put into the mineral 
solution mentioned above once in every three days and left in it for 
a whole day; the plants being kept all the while in the dark. The 
experiment lasted from May 12 to 18. The temperature waried 
from 3G. to 15°C. 


(1) As the plants were kept in a warm house, the growth was considerable in both 
cases, and the decomposition of proteids was consequently also considerable. 
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IN roo PARTS OF DRY MATTER :— 


a 


Control plants dried Plants kept in dark 
on 12th dried on 18th 
Motalemitrog ele as.esesse-aceee sence 3.92 4.11 
Nitrates mitrogen: f..-s-cs-ecsesercne ac 0.18 0.14 


IN 100 PARTS OF TOTAL NITROGEN, 


Control plants dried 
on 12th 


Plants kept in dark 
dried on 18th 


AMeyéaill TobhaxOfexe\0 Gy Gacoencoceecbopecbcsone- 100.0 


Nitrates nitrogen. ................22605 


A little decrease of nitrogen in the plants kept in the dark was 
observed here, but as the sugar solution applied was too dilute, the 
reduction proceeded rather slowly. 

(b) The same experiment was repeated with the same potato 
plants. 


Time of experiment May 13-18. 
Temperature Min. 8°C. Max. 15°C: 


IN too PARTS OF DRY MATTER. 


Control plants dried Plants in dark dried 
on 13th on 18th 


sNotAaliMitrOgensienen ssaseereseren vacates 4.97 5-05 


INIfkates mitKOgetmessecsnesteereoaecs: 0.54 0.42 


IN 100 PARTS OF TOTAL NITROGEN. 


Plants in dark dried 
on 18th 


Control plants dried 
on 13th 


Total nitrogen. 100.0 


INIA LES INR O Delle ma dessa ses sare aeraet 
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In this case also, a little decrease of nitrates nitrogen in the 
plants kept in the dark, was observed. 


SUMMARY AND CONCLUSIONS. 


1) Nitrates can be assimilated by Phaenogams in perfect 
darkness. 

2) Sugar has great influence upon the reduction of nitrates. 
When the available amount of sugar is insufficient, the nitrates are 
not assimilated. This is one of the reasons why contradictory 
results have been obtained by various authors. 

3) Protetds can be formed from nitrates in perfect darkness 
when the conditions are favorable, that is, when much sugar is 
present in the plant cells. 

4) The intermediate product between nitrates and proteids 
is most probably, asparagine, which accumulates when the condi- 
tions for protein formation are imperfect. 

5) The reason, why my results differ from those of Godlewskz, 
is, that he did not cultivate his plants in sugar solution. He found 
that the nitrates can be converted into non-albuminous nitrogen 
compound, but he did not ascertain what compound it was. 

6) Laurent’s results have been subjected to some critical re- 
marks by Godlewski with whom I agree, 

7) After this investigation was finished Zaleski published 
some preliminary results, showing also the possibility of protein 
formation zz darkness. (Ber. Botan. Gesellschaft. (1897) 75 536). 


ANALY TIGA be Dy AeA: 


Total nitrogen was determined according to Ajeldahl’s 
method. 

Albuminoid nitrogen, according to Stutzer’s method. 

Asparagine nitrogen by that of Sacchsse. 

Nitrates nitrogen by that of Zzemann and Schulz. 
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I. EXPERIMENT ETIOLATED SHOOTS 
OF BARLEY. 


TOTAL NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 
\ 
Gram. Sb Ce Gram, 
I. 0.470 Dies 
Controliplants...1.sscsscsssedsoes S 0.01984 
| 2. 3 11.5 
\e 0.434 8.7 
Sugarplantsues...atssanwsceeenes 0.01531 
2 An 8.8 


ALBUMINOID NITROGEN, 


Dry matter Baryta water Nitrogen 
used replaced found 
Gram. GalGe Gram. 
Me 0.470 4.9 
Control plants) iy. c.c.ccseceseeeeoe 0.0087 
2 0 5.1 
I 0.434 4.6 | 
SUCAMIpIANIS: ataaaecseeseereres 0.0080 
2 55 4.6 j 


ASPARAGINE NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 
Gram. GaG; Gram. 
Te 0.470 1.6 
Controliplants -..c:0.c0re+esoceses 0.0030 
2 ” 1.8 
: I 0.434 1.25 
SUT el DATA S tates deer eee 0.0022 
2 5 1.25 


I c. c, baryta solution = 0.00174 gram. nitrogen. 
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NITRATES NITROGEN. 


Dry matter | Temper- Vol. of NO. Nitrogen 
used ature gas found 
Gram. Gram. 
0.940 
Control plants............ 0.0030 


Sugar plants, \7.ss.---=<¢ 


II. EXPERIMENT WITH ETIOLATED SHOOTS 
OF BARLEY. 


TOTAL NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 

Gram. G.iG: Gram. 
ii 0.466 10.5 

Plants dried on the 7th ............ 0.0181 
2. » 10.4 
I 0.451 10.7 

(Cc IS\O)», Aosunoendocednscsescoacc 0.0186 
2. » 10.8 
I 0.470 11.3 

NaNO, and CaSO, ...... 0.0198 
2. 3 11.5 
ie 0.464 9.8 

Sugar and CaSO, ......... 0.0174 
2. vy 10.2 
I. 0.469 11.6 

Sugar, NaNO, and CaSO, 0.0212 
2. 5) 11.7 


I c. c, baryta solution =0.00174 gram. nitrogen. 
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ALBUMINOID NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 
Gram. Gram. 
i 0.466 
Plants dried on the 7th ............ 0.0095 
2. ” 
{ I 0.451 
(Cals Octo peemccraceccoce serene 0.0084. 
2. ” 
| f I 0.470 
= | NaNO, and CaSO, ...... 0.0087 
a g | 2. ” 
ieee I. 0.464 
rE = | Sugar and CaSO, ......... | 0.0082 
BB 2. ” 
I 0.469 
Sugar, NaNO, and CaSO, 0.0096 


ASPARAGINE NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 
Gram. (Ae Gram. 
I 0.466 0.8 
Plants dried on the 7th ............ 0.00157 
2 ” 1.0 
I 0.451 2.1 
CaSO Mesatissecdeessccvaashies 0.0037 
2 a 2.0 
| I 0.470 1.7 
aa NaNO, and CaSO, ...... 0.0030 
oo 2 x 1.7 
of 
aS I. 0.464 1.4 
<> | Sugar and CaSO, ......... 0.0026 
e 2 5 1.6 
I. 0.469 1.3 
Sugar, NaNO, and CaSO, 0.0023 
2; a3 1.4 
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NITRATES NITROGEN. 


Dry matter | Temper- Vol. of NO. Nitrogen 


Pressure 


used ature gas found 
Gram. 3 m. m. Ciuc Gram. 
es c 0.940 756 4.6 
‘= = (NaNO, and CaSO,. 0.0030 
5 4.8 
aS 
£5 | NaNOg, sugar and { ez 
kaso MCASO) ecepsc ees | 0.0009 
a 1.7 


III. EXPERIMENT WITH PHASEOLUS 
MULTIFLORUS. 


TOTAL NITROGEN. 


ee LEE EEE IEEE SEIT SESE 


Dry matter Baryta water Nitrogen 
used replaced found 
——— 
Gram. CAC Gram. 
I. 0.452 13.3 
Control plants (24th) ..1........0.+- 0.0231 
2. » 13.3 
i I. 0.445 13.0 : 
ES ( 1% SUGAL ..ceceeereeeseeeeeens 0.022 
Pa) mene 2 a 1332 
bp 
ss \ 
2s 1% sugar Saas ea 0.0181 
Sat a ee eae 2. 3 10.4 


1c, c. baryta solution=0.00174 gram. nitrogen, 
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ALBUMINOID NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 
Gram. Gacs Gram, 
se 0.452 7.2 
Control plants (24th) ............... 0.0127 
2. ” 74 
i I 0.445 5.5 
“Aig [196 SUGAT......0000.-1esoenee 0.0096 
yeu 2 ” 555 
0 i 
papcs 
Be I. 0.444 53 
3 UIIED OGSUGAT eeosn snseasacceeses 0.0094 
aw 2. xp 5-5 


ASPARAGINE NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 


Gram. “Ge Gram. 
0.904 
Control plants (24th) 0,0038 
” 
i) + . 0863 
HEL) (( 1X6 SEEN cspousanccinnosononae 0.0059 
oa 
icts| 
2 : 
a UAE GiSUC ali was. -cvvesassmteen: 0.0028 
ae 
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NITRATES NITROGEN. 


Dry matter Vol. of NO. Nitrogen 
used SESS gas found 
Gram. Gram. 
I. 0.904 
Control plants (24th) ...... 0.0032 
2. ” 
| I. 0.890 
Sizer Oscar assent eee 0.0023 
pace) 2. 35 
ga 
2S I 0.888 
BGS OO % Sileche pen saa sn560 0.0012 
my 2 %> 


IV. EXPERIMENT WITH YOUNG BARLEY 
PEANTS: 


TOTAL NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 


Gram. (Kes Gram. 
0.468 12.4 

@ontroliplantseasecrmeteeereteee 0.0243 
” 12.4 
0.480 13.0 

Plants in day light 0.0256 
+5 13.2 
0.461 14.5 

Plantsinidark:i.c:..cnsesssersere ss 0.0286 
? 14.7 


Ic. c, baryta solution=0.001955 gram. nitrogen. 
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ALBUMINOID NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 

Gram. exc Gram. 
{ Te 0.468 5.4 

Gontroliplantshessssesceasne- pee e 0.0106 
{| 2. s 5.4 
Ve 0.480 j 4.1 

Plantsinuday light is..essasssee+- 0.0082 
oy, ro 4.3 
is 0.461 3.4 

WPlantsame dankiesseseseieeereece se 0.0068 
2. 3 3.6 


NITRATES NITROGEN. 


Dry matter | Temper- 


Pressure Vol. of NO. Nitrogen 


used ature gas found 
Gram. °C. 5 Ch @ Gram. 
Iie 0.936 18 4.0 } 
Control plants............ 0.0023 
2. ” ” 4.1 i 
I. 0.959 ” 2.7 
Plants in day light ...... | 0.0016 
2. » » 2.8 
I 0.921 ” °o 
Plants inidark,,,...0..5. : 0.0017 
2 ” ” 2.9 j 
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V. EXPERIMENT WITTE POTATO LEAs: 


(A). 


TOTAL NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 


Gram. Ch Gram. 
0.468 10.0 

Control plants 0.0183 
5 10.1 
0.469 10.4 

Plants in dark 0.0193 
Fe 10.6 


NITRATES NITROGEN. 


Dry matter | Temper-| 1, Vol. of NO| Nitrogen 
used ature PES gas found 
Gram. Gram. 
0.936 
Control plants............ 0.0017 
Plants sinidanksersessccees | 0.0014 


1 c. c. baryta solution =0.00183 gram. nitrogen. 
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(B). 


TOTAL NITROGEN. 


Dry matter Baryta water Nitrogen 
used replaced found 


Gram. Gs Gram. 


0.476 
Control plants 


”” 


0.469 


Plants in dark 


> 


Dry matter Vol. of NO.| Nitrogen 
used gas found 
Gram. Gram. 
0.952 
Control plants ....;.....2. 0.005 
Blantsyim dark wees. e 0.004. 


Ic. c, baryta solution =0.00183 gram. nitrogen. 


On the Properties of Cocoons of the Various Silkworm 
Races of Japan. 
BY 


Jiro Kawara, Nogakushi. 


The largest and most important production in Japan is raw 
silk, and the sum of exportation from our country to America and 
Europe amounts, at present, to nearly 40,000,000 vex.” The method 
of silkworm culture has been known to us for more than two 
thousand years, and in nearly every province of our empire there 
are planted large numbers of mulberry trees, and silkworms are 
raised in innumerable numbers year after year by many practical 
and competent raisers. The principal varieties of cocoons raised 
are two :—white (Siromayu) and green (Kimayu)®,—of which the 
former is extensively and largely cultivated, while the latter is very 
few, and cultivated only in a limited district. The white variety is 
again subdivided into a few hundred races, which are distinguished 
from each other by different raisers. These so-called races can, 
however, be reduced into a few principal ones. 

The object of my investigation was to examine the properties 
of the thread of the cocoons of these principal races with the view 
of determining which of them can be raised with the greatest 
advantage. 

The principal races whose cocoons have been subjected to 
examination are 12 aboriginal, 1 Chinese, and 1 Italian :— 


Annuals 
1. Akabiki (white) 
2. Awobiki (Pao) 
3. Onichijira (yg) 
4. Koishimaru (¢ ,, ) 
5. Matamukashi ( ,, ) 


(1). Yer is equal to 2 francs 75 cent. 
(2). Kimayu means “ yellow cocoon,’’ but it is really green, as Europeans call it. 
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6. Kimayu (green) 
7. Hakuriu (white) 
8. O-setsu Goseu) 
9. Koishimaru, produced at Hokkaido (white) 
10. Chosan (white) 
Bivoltins 
11. Kumako (white) 
12. Natsuko (Bea) 
Foreign races 
. 13-8) Chinese (white) 
14. Italian (area) 


O-setsu is quite new race produced by our silkworm raisers. Its 
eggs do not change their colour after deposition, and remain a light 
yellow till they hatch in the following year. The eyes of the moths 
are-not tinged with black, but light greyish yellow. Chosan is a 
race which has been produced in our Agricultural College. It was 
derived from Akabiki by feeding the worms with the leaves of 
Broussonetia papyrifera twice a day for the last three years. 

The properties of the cocoons of each of the above mentioned 
races were examined with reference to the following ten points :— 


ieeencthwof thes hlament of a single cocoon... ... (L.EF.) 
2. Weight 7 fs Ae peer seri AV Rel i) 
3. Weight in deniers ,, a ni iemecoraeeciora Chih ac: Oa 
4. Diameter Fa ah Ah Ses ee (D.) 
5. Tenacity 3 5 eo te Gir) 
6. Ductility (Elasticity) ,, 3A i ee tear Duc) 
UCM. Were Mast tl Weg eis. ep ae, lave. “(CS 
CemPRCMDEUEES ot gu | sce sgn edge | roots cass (R.) 
9g. Feature of the unwinding of the filament of a single 
BUCOOMME was erie, kiccel o2Ss ace sak. cas UMW) 
10. Weight of flocks of a single cocoon... ... ... ... (W.FI.) 


The weight of the filament and that of flocks were taken in the 
air-dry condition. Knots were counted in the first 238 meters of 
the filament, and ruptures in its whole length. The feature of 
unwinding was classified into three divisions indicated respectively 
by the letters A, B, C, of which A indicates very good, B good, 
and C tolerable. Flocks are those parts which form the extreme 
outer and inner layers of a cocoon and can not be reeled. 
The results of examination are shown in the following table :— 
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Ibe 18% W. F. 


Races. No. ait Ty in m. grams, We 
I 631 173 2.45 
2 893 239 2.40 
Akabiki. 3 833 199 2.11 
aver 785 204 2.32 
I 619 133 1.92 
2 690 146 1.90 
Awobiki. 3 833 186 2.00 
aver 714 155 1.95 
I 809 199 2.20 
2 928 213 2.05 » 
3 797 1097 2.21 
Onichijira. 4 738 186 2.26 
5 678 149 1.97 
aver 790 189 2.14 
I 476 143 2.70 
2 440 138 2.80 
Koishimaru. 3 655 138 1.89 
aver 524 140 2.46 
I 571 120 1.87 
2 512 133 2.33 
3 571 117 ae 
Matamukashi. 4 476 106 2.00 
5 488 122 2.24 
aver. 524 Hae) 2-25 
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W. FI. 

_D ees K. R. Unw. in 
In pl. in grams. m. grams, 
30.5 12.3 fo) fo) A 

31.4 12.7 I fe) 99 

2904 10.4 3 I ” 

30.4 11.8 1.3 0.3 44 
20.7 7.4 fo) fo} A 

28.3 8.6 I 3 ” 

20.4 8.2 5 2 ” 

29.1 8.1 2 1.7 35 
27-7 9.5 4 3 B 

25.8 11.5 3 15 ” 

26.3 8.1 4 3 ” 

28.3 10.4 3 8 ” 

28.0 9.5 13 7 ” 

27.2 9.8 5.4 7-2 ue 
25.8 9.2 4 fo) A 

26.3 9-7 8 I ” 

25.2 8.6 4 2 ” 

25.8 9.2 6 I 27 
24.9 6.4. 2 3 A 

26.9 8.3 3 I ” 

25.2 8.7 2 3 ” 

26.3 9.4 2 2 » 

26.3 8.2 I I ” 

25.9 8.2 1.8 2 Il 
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Races. 


Kimayu. 


Hakuriu, 


O-setsu. 


Koishimaru, 
produced 
in Hokkaido. 


Chosan. 
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12.2 


14.6 
12.2 
15.9 
12.4 


a39 


13.8 


10.8 
10.5 

9.4 
13.6 


11.6 


13.2 


12.4 


W. FI. 
Unw. in 
m. grams. 


A 
” 
” 
> 
”? 
21 
A 
”> 
” 
99 
> 
64 
A 
” 
9 
” 
21 
A 
’ 
” 
32 
A 
” 
” 
B 
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é : Wn Wer: 
Ree: Ne in m. in m. grams Wee 
aver 614 141 2.06 
I 464 80 1.54 
2 369 80 1.93 
Kumako, 26 2.2 
the first breed. 3 ate 23 a 
4 393 85 1.94 
aver. 399 84 1.90 
I 482 80 1.48 
2 476 66 1.25 
3 440 53 1.08 
Kumako, 
the second breed. 4 524 106 1.82 
5 536 93 1.56 
aver. 492 80 1.45 
I 437 146 3-14 
2 381 93 2.19 
Natsuko, 
the first breed. 2 357 86 2.13 
aver. 384. IIo 2.53 
I 250 53 1.90 
2 452 80 1.58 
3 428 80 1.67 
Natsuko, 
the second breed. 4 357 66 1.67 
5 363 93 2.29 
aver. 370 74 1.78 
I 559 170 2.72 
2 619 173 2.38 
B 571 159 2.50 
Chinese. 4 ans 2.25 
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W. FI. 

DP. _ & LEC. K. R. Unw in 
in yw. In grams. in %. m. grams 
25.6 8.6 12.6 3 1.8 II 
23-5 533 7-9 io) 2 A 

24.1 75 10.4 I oO 5 

24.9 76 12.1 2 fo) +9 

23.8 5.8 11.3 2 fo) 9 

24.1 6.5 10.4 Ie fe) 27 
26.2 7-2 10.5 2 fo) A 

25.1 6.8 9.4 2 oO a3 

24.3 5-9 62 1 fo) » 

27.3 6.1 10.7 I ce) >» 

25.4 5.6 9:3 fo) fe) ” 

257 6.3 9-8 1.2 o Ig 
26.6 8.4 10.9 2 fe) A 

24.6 6.5 10.6 3 I ” 

24.9 7.8 10.2 2 fe) » 

25.4 7.6 10.6 2.3 0.3 II 
27.3 Tes 12.5 2 I B 

25.1 6.2 9.4 oO I A 

25.7 6.8 10.7 3 fo) 

25.9 6.7 10.1 o) fo) » 

26.4 7-9 11.6 I fo) » 

26.1 7.0 10.9 a2 1.4 16 
27.2 8.5 10.2 2 4 A 

26.3 9.6 10.1 2 I » 

26.0 8.7 10.4 2 3 ” 

25°55 6°4. 8:3 I I ” 
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Rn é ape: W. F. 

Races. No. in m. in m. grams. bie 
5 655 146 2.00 

aver, 576 154 2.39 

I 690 213 2.76 

2 * 488 186 3-41 

Italian. 3 595 191 2.88 
aver. 591 197 2.97 


It is a general belief among silk manufacturers, that the size 
and weight of the filament of a cocoon is proportional to its weight 
in deniers, that is to say, if a cocoon is larger and its filament 
heavier, then its weight in deniers is greater, while on the contrary 
ifa cocoon is smaller and its filament lighter, then its weight in 
deniers is smaller. But my researches show that this is by no 
means always the case but that the contrary may happen. For 
example, the filament of a cocoon of the races Awobiki, Akabiki, 
Onichijira, etc. which measures more than 700 metres weighs less 
in deniers than that of Koishimaru, Matamukashi, etc., which 
measures less than 550 metres. In particular the filament of an 
Awobiki cocoon weighs only as much as 1.92 Deniers. The 
heaviest filament is, so far I have examined that of the Hakuriu 
rece, whose filament weighs 3.75 deniers. In view of the facts 
detailed above, I do not hesitate to say, that the length of the 
filament is not always proportional to the weight in deniers, and 
similarly, the weight in deniers of a single filament is not always 
proportional to the diameter of the same. The weight in deniers 
and the diameter of a filament of Hakuriu race, which are the 
highest and largest of the filaments I have examined, are 2.11 and 
30.9 respectively. But the filament of the Akabiki race which 
weighs 2.32 denier measurs 30.4 in diameter which is very nearly 
equal to that of Hakuriu. Furthermore, although the denier of the 
filament of Koishimaru is reckoned 2.46, which is higher than 
that of Akabiki, its diameter measures only 25.8 4. Similar obser- 
vations were also made in the Laboratoire de la ver a soie in Lyon 
in 1885. ‘The results obtained in that laboratory were as follows :— 
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W. FI. 
_D. Pes Oise K. R. Unw. in 
in p. in grams. in %. oy SETA: 
24.6 a2. 10.2 4 I A 
25.9 8.1 9.9 2.2 2, 24 
30.8 8.5 11.6 5 2 ( 
32.2 9.6 12.1 I 2 ~) 
30.8 8.7 11.9 3 I ” 
31.3 8.9 11.5 3 1.7 37 
Races. d Diameter. Weight in Deniers. 
Cevenne (yellow) 23.7 pu 2.46 
7 Ge.) a Dyer 
Valleraugue (white) 32.2) 0 2.54 
” ( ” ) ” 2.98 
Milan (ea) 30.2 2.59 


If the results which I have obtained on the relation of the weight in 
deniers with the diameter of a filament, and those obtained in the 
Laboratoire de la ver a soie in Lyon be correct then I do not 
hesitate to say, that this disagreement between the weight in 
deniers of a filament and its diameter is due to the specific gravity 
or hygroscopic property of the filament, which may be different in 
cocoons of different races. Later I expect to spend more time in 
accurate experiments on these two points, viz. the specific gravity 
and the hygroscopie property of a filament, and to publish my 
results in a subsequent number of this bulletin. 

Further I may add some remarks on the properties of the 
filaments examined by me as detailed above. It is commonly 
known that the longer the filament of a cocoon is the greater is its 
diameter ; thus the filament of a cocoon of an Akabiki, whose 
length is 785 metres on the average, measures 30.4 4 in diameter, 
while the flament of a cocoon of a Koishimaru, Matamukashi, and 
of some bivoltin races, etc., whose length is less than 550 metres, 
measurs only 26 # in diameter. In general, the worms of the 
Akabiki race are much larger in size than those of Koishimaru, 
Matamukashi, and others; and when the worms are larger in size, 
their silk-glands must also be larger than those of the smaller 
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worms, and further, the opening of the spinning process on the 
labium of the former must also be wider than that of the latter. 
These differences seem to be closely correlated to the length and 
diameter of the filament of the cocoons of the various races. 

The strength of the filament of a cocoon is proportional to its 
diameter, but there are exceptions to this rule. Thus by comparing 
the strength and diameter of the filament of Awobiki, which are 8.1 
grams and 29.1 p respectively, with those of Koishimaru which are 
9.2 grams and 25.8 w., it will be found that notwithstanding the 
smaller diameter of the latter its strength, which is estimated at 
g.2 grams, is far superior to that of Awobiki, estimated at 8.1 grams. 
Filament of smallest strengths are found among the bivoltins. 
Thus the filament of the second breed of Kumako (bivoltins) which 
measurs 25.7 “in diameter (nearly equal to that of Koishimaru and 
Matamukashi) has the strength of 6.3 grams only, which is far 
inferior to that of Koishimaru and Matamukashi whose strengths 
are respectively 9.2 and &2 grams. Filament of the smallest 
strength and diameter I have observed in the second breed of 
Natsuko (bivoltins), while filament of the greatest strength and 
diameter is to be find in Hakuriu, the strength and diameter of the 
latter being respectively 13.7 grams and 32.2 p. 

The degree of ductility of a filament has some relation to its 
diameter, but this relation is not so remarkable as that between the 
strength and the diameter of a filament. It may, however, be said 
that the ductility depends upon the strength of a filament. Thus, 
the diameter of the filament in relation to its ductility and tenacity 
in our aboriginal races examined, is as follows :— 


Races Diameter of filament Ductility Tenacity 
A wobiki 20.1 ps. 11 5% S.I grams 
Matamukashi 251Ows TWG>e S22 hk 
Onichijira 27 ae 12.288 GiShnes 
Koishimaru CB ti 5 i Cee 
Kimayu ZO. Fags L252%3 9.1 


THE PROPERTIES OF RAW SILK: 


For the examination of the properties of raw silk I took samples 
from our principal races. Each thread of raw silk is composed of 
5 or 6 filaments, and reeled with Zaguri (Japanese hand reel). The 


results obtained were as follows :— 
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These figures show that the larger the cocoons are the larger 
quantity of raw silk they furnish, and vice versa. The O-setsu, 
however, whose cocoons are of a nearly equal size to those of 
Akabiki, furnish an exceptionally small quantity of silk. 

As I have stated before, the aboriginal races of silkworms, 
count a few hundreds, but the more widely distributed and culti- 
vated races are, so far | have examined, not more than eight. It 
will not be entirely useless to compare the properties (diameter, — 
tenacity, and ductility) of these eight races with those of some 
foreign races mentioned in the report of the Laboratoire de la ver 
a soie in Lyon. The comparison of the filaments is as follows :— 


Races Diameter Tenacity Ductility 
Akabiki. 30.4 ps 11.8 grams 13.2% 
Awobiki. 2051-5, Sars ries = 
Onichijira. Bale 8 08: 3 12235 
Koishimaru. PAB Hove O22) T2365 as 
Matamukashi. 25.0 33 See ee. TIO 
Kimayu. Deine g.1 fe 1222 
Kumako, (second breed.) 25.7,, 6.3) “53 O:8 on 
Natsuko, (_,, FAS) a 7651 TLOm tar 10:91 ;, 
Yellow, (French race) 2001s oa, om ee 

7 (Italian race) BOIS OHS is Te 

i (Chinese race) 20:35 TED e ae OS. 
White, (French race) 20:54, Sub 13, Taco 

a (Italian race) Boe Soar ae TAS 5, 

os (Chinese race) 2AOis Tie ee KOH) 5, 


This table shows us that the filament of the cocoons of our aborigi- 
nal races is not thicker than that of the European races; and the 
Chinese races which are regarded as giving finer filaments do not 
show any difference on this point when compared with Koishimaru, 
Matamukashi, etc.; and only a few bivoltin races, such as Kumako 
and Natsuko, produce filaments of inferior quality. 

In conclusion, I do not hesitate to say that our races of silk- 
worms afford filaments equal in quality to those of any other race ; 
and the fact that some of our filament are of an inferior quality 
seems to be due mainly to reeling, an incomplete selection of 
cocoons, and some other causes. 

I must here express my hearty thanks to Prof. Sasaki, under 
whose direction this investigation has been carried out. 
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